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Walton,  Norman  _ 

From:  Hansen,  Jerry  E,  Mr,  HQAFCEE  [Jerry.Hansen@HQAFCEE.brooks.af.mil] 

Sent:  T uesday ,  August  08,  2000  1 0: 1 6  AM 

To:  'nwalton@dtic.mir 

£ubject:  Distribution  statement  for  AFCEE/ERT  reports 

Norman,  This  is  a  followup  to  our  phone  call.  The  eight  boxes  of  reports  you  received  from  us  are  all  for 
unlimited  distribution.  If  you  have  any  questions,  you  can  contact  me  at  DSN  240-4353. 


08/08/2000 


18  September  1998 


DEPARTMENT  OF  THE  AIR  FORCE 
AIR  FORCE  BASE  CONVERSION  AGENCY 


AFBCA/DD  Homestead 
29050  Coral  Sea  Blvd.,  Box  36 
Homestead  AFB,  Florida  33039-1299 


Florida  Department  of  Environmental  Protection 

Twin  Towers  Office  Building 

2600  Blair  Stone  Road 

Tallahassee,  Florida  32399-2400 

ATTN:  Mr.  Jorge  R.  Caspary,  P.G. 

RE:  Final  Corrective  Action  Plan  for  the  Risk-Based  Remediation  of  Site  SS-15A 
Homestead  Air  Force  Base,  Florida 


The  reference  document  is  now  final.  Attached  are  responses  to  FDEP  and  DERM 
comments  on  the  draft  document.  If  you  have  any  questions,  please  contact  Rita  Chan  at 
(305)  224-7119. 


THOMAS  J.  BARTOL 

BRAC  Environmental  Coordinator 


Attachment: 

1 .  Response  to  Comments 

2.  Final  CAP  for  SS-15A 


cc:  USEPA,  Doyle  Brittain 

DERM,  James  Carter/Charles  Hallas  (2) 
Montgomery  Watson,  Jerry  Gaccetta 
HQ  AFBCA/DD,  Andrew  Mendoza 
HQ  AFCEE/ERB,  Roy  Willis 
482  SPTG/CEV,  John  Mitchell 


PARSONS  ENGINEERING  SCIENCE,  INC. 


MEMORANDUM 

August  28, 1998 

To:  Mr.  Sam  Taffinder  (AFCEE/ERT),  Mr.  Tom  Bartol  (AFBCA/DD- 

Homestead),  and  Ms.  Rita  Chan  (AFBCA/DD-Homestead) 

From:  Doug  Downey  and  John  Hicks,  Parsons  Engineering  Science,  Inc. 

Subject:  Responses  to  FDEP  and  DERM  Review  Comments  on  the  Draft  Final 

Corrective  Action  Plan  for  the  Risk-Based  Remediation  of  Site  SS-15A, 
Homestead  AFB,  Florida 


Response  to  Comments  Received  from  the  Florida  Department  of  Environmental 
Protection  on  the  Draft  Final  Corrective  Action  Plan  for  the  Risk-Based 

Remediation  of  Site  SS-15A 


The  following  verbal  comments  were  received  during  the  BRAC  Cleanup  Team  (BCT) 
meeting  held  on  13  May  1998  at  Homestead  AFB,  FL.  The  comments  were  taken 
directly  from  the  meeting  minutes.  Our  response  to  each  comment  follows. 


1.  Comment:  Mr.  Greg  Brown,  FDEP,  said  the  range  of  cleanup  alternatives  for  risk 
at  the  site  all  seemed  to  be  reasonable  and  acceptable  approaches.  He  asked  that  the 
timeframes  be  calculated  for  the  three  alternatives  to  attain  Tier  1  criteria  just  as  they 
have  been  calculated  for  Tier  2  criteria. 


Response:  Concur.  The  time  frame  for  natural  attenuation  alone  to  attain  Tier  1  target 
cleanup  levels  for  groundwater  were  estimated  for  benzo(a)pyrene  (27  years)  and  benzene 
(6  years).  This  information  was  presented  in  Section  6.6.3. 4.  At  FDEP’s  request,  the 
estimated  timeframe  for  natural  attenuation  alone  to  achieve  Tier  1  criteria  will  also  be 
included  in  the  discussion  of  Alternative  1  on  pages  9-3  and  9-10.  (Note:  Because  the 
Tier  2  SSTLs  calculated  for  benzo(a)pyrene  are  essentially  the  same  as  the  Tier  1  criteria, 
the  timeframes  for  each  alternative  to  attain  Tier  1  will  not  change  from  the  current 
estimates.) 


2.  Comment:  Mr.  Brown  suggested  that  the  long-term  monitoring  plan  include  a 
condition  for  the  short-term  significant  hydrologic  impact  of  exceptional  storm  events 
(e.g.  tropical  storms). 
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Response:  The  long-term  monitoring  plan  (Section  10.3.5.3)  will  be  modified  to 
include  a  sentence  stating  that  “In  the  event  of  a  hurricane,  the  groundwater  and  nearby 
surface  water  will  be  monitored  within  six-months  following  the  storm  to  assess  the 
impact  on  this  otherwise  stable  plume.” 


3.  Comment:  In  response  to  DERM’s  request  for  data  to  support  the  30-day 
construction  exposure  scenario,  Mr.  Brown  suggested  that  Parsons  ES  contact  Captain 
McLain  at  Eglin  AFB.  Eglin  AFB  has  an  approved  and  validated  construction  scenario 
that  has  FDEP ’s  approval  (for  active  bases). 


Response:  Mr.  Downey  contacted  Capt  McLain  and  obtained  a  copy  of  the 
approved  construction  worker  exposure  scenarios.  Since  these  exposure  criteria 
already  have  FDEP  approval  for  active  installations,  they  will  be  used  to 
recalculate  construction  worker  target  levels  for  soils  and  groundwater  in  Section  7 
of  the  document.  Per  telephone  conversations  with  FDEP’s  Mr.  Caspary,  these 
target  levels  can  still  be  used  to  focus  remediation  efforts  for  areas  that  will  remain 
under  Air  Force  control,  but  should  not  be  used  as  final  cleanup  criteria  for  areas 
that  will  be  transferred  out  of  Air  Force  control.  FDEP’s  position  is  that  it  will  be 
difficult  to  control  the  duration  of  exposure  for  construction  workers  after  the  land 
transfers  from  Air  Force  control. 


The  Air  Force  agrees  to  use  the  Eglin  AFB  construction  exposure  scenario  to 
determine  site  specific  target  levels  for  property  retained  by  the  Florida  Air 
National  Guard  (FANG).  A  discussion  and  a  map  will  be  added  to  Section  10  of 
the  CAP  to  delineate: 

the  area  to  be  retained  by  the  FANG  where  Tier  2  SSTLs  will  be  applied  as 
cleanup  criteria. 

Areas  that  do  not  meet  Tier  1  industrial  cleanup  criteria  and  will  require 
engineering/institutional  controls  until  Tier  1  criteria  are  attained  through  natural 
attenuation. 
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Areas  that  currently  meet  Tier  1  cleanup  criteria  and  can  be  transferred  with 
minimal  industrial  land  use  engineering/institutional  controls. 


aiditi0?al  comments  were  extracted  from  the  15  July  1998  letter  from 
f, .  .  to  Mr.  Tom  Bartol  on  the  subject  of  the  applicability  of  Tier  2  cleanup  criteria  at 

tins  site. 


4.  Comment:  “ The  Department  felt  that  the  proposed  exposure  durations  and 
frequency  and  other  parameters  (see  attached  letter  from  Steve  Roberts  dated  6/1 1/98) 
lacked  proper  justification  and  more  importantly,  FDEP’s  contract  toxicologists  felt  that 
the  applicability  of  the  chronic  exposure  equation  for  soils  could  not  be  readily 
extrapolated  for  short-term  exposures  as  those  addressed  in  the  subject  document.  ” 


Response:  Two  issues  are  raised  by  this  comment.  The  first  issue  is  providing 
jus  lfication  for  the  exposure  assumptions  used  for  the  construction  worker  scenario, 
r arsons  ES  intends  to  use  the  construction  worker  exposure  assumptions  that  have  been 
approved  for  active  Air  Force  facilities  (i.e.  the  Eglin  AFB  exposure  assumptions  that 
have  FDEP  approval).  The  second  issue  has  to  do  with  the  appropriateness  of  using  the 
EPA  chrome  exposure  equations  to  determine  the  risk  of  soil  contaminants  during  short¬ 
term  exposures.  Parsons  ES  understands  this  concern.  The  risk  of  soil  and  groundwater 
contaminants  could  also  be  estimated  by  using  acute  exposure  criteria  that  are  available 
for  some  contaminants  and  generally  fit  under  the  OSHA  workplace  safe  exposure 
umbrella.  FDEP  s  desire  to  rely  on  engineering  and  institutional  controls  (such  as  OSHA 
worker  safety  standards)  rather  than  calculated  SSTLs.  We  believe  that  this  response 
adequately  addresses  the  concerns  raised  in  the  University  of  Florida  letter. 


5.  Comment:  “The  Department  has  opted,  and  communicated  to  the  AFBCA’s 
personnel  and  consultants,  that  it  prefers  the  issue  (of  site-specific  cleanup  levels  for 
future  construction  workers)  be  shifted  to  the  arena  of  engineering  and  institutional 
controls.  In  other  words ,  due  to  the  uncertainties  with  regard  to  risk  calculations  for 
construction  worker  scenarios,  the  Department  would  rather  rely  on 
institutional/engineering  controls  for  those  areas  where  the  health  risk  from  exposure  to 
contaminated  soil  is  for  short  term  exposures  only  due  to  (a  disturbance)  to  the 
asphalt/concrete  cap...” 
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Response:  Based  on  FDEP’s  Petroleum  Contamination  Site  Cleanup  Criteria 
(Chapter  62-770.680)  a  “No  Further  Action  With  Conditions”  may  be  granted  at  a  site 
that  has  engineering  controls  such  as  a  permanent  cover  and  where  groundwater 
contamination  is  limited  to  the  immediate  vicinity  of  the  source  area  and  at  least  one  year 
of  monitoring  data  has  documented  plume  stability.  Based  on  FDEP’s  15  July  1998 
letter,  we  assume  that  this  justification  could  be  used  to  pursue  a  “No  Further  Action 
With  Conditions”  closure  at  Site  SS-15A. 


6.  Comment:  “As  discussed  in  our  13  June  1998  teleconference,  this  decision  should 
not  impede  the  AFBCA  from  proceeding  with  remediation  of  soil  and  groundwater  in 
those  areas  on  the  flightline  deemed  by  Parsons  ES  as  exceeding  the  30-day  exposure 
criteria  (for  construction  workers).  As  discussed,  once  the  soil  and  groundwater  removal 
operation  is  accomplished,  then  the  Department  expects  that  the  transfer  document  for 
the  flightline  will  include  language  indicating  that  should  the  asphalt/concrete  cover 
need  to  be  disturbed,  that  construction  workers  will  be  notified  that  petroleum 
contamination  is  present  at  the  site  and  that  they  need  to  use  proper  protective  equipment 
based  on  OSHA  requirements.  ” 

Response:  Based  on  this  comment,  Parsons  ES  intends  to  retain  Section  7  of  the 
existing  CAP  but  modify  it  so  that  1)  soil  and  groundwater  target  levels  are  based  on  the 
Eglin  AFB  exposure  assumptions;  2)  explain  that  these  target  levels  are  intended  to  guide 
the  cleanup  of  areas  with  higher  risk  and  will  be  used  as  cleanup  criteria  for  areas  which 
will  remain  under  Air  Force  control  (FANG  area). 

Parsons  ES  intends  to  demonstrate  that  the  Tier  1  cleanup  criteria  of  2500  mg/kg  for 
Total  Recoverable  Petroleum  Hydrocarbons  (TRPH)  should  be  waived  at  this  site  due 
to  the  highly  weathered  nature  of  the  fuel  residuals.  The  following  text  will  be  added 
to  Section  4. 3. 1.1  “Based  on  the  precedent  set  for  adjacent  Site  SS-15B,  the  Air  Force 
is  requesting  a  waiver  to  the  Tier  I  TRPH  TCLs  for  Site  SS-15A.  The  TRPH  found  in 
Site  SS-15A  should  be  of  the  same  as  Site  SS-15B.  SS-15B  contains  the  jet  fuel 
pumphouses  that  feed  fuel  into  the  Site  SS-15A  fuel  distribution  lines.  The  Tier  1 
Direct  Exposure  II  TCL  for  TRPH  in  soil  (industrial  worker  exposure  scenario)  is 
based  on  the  most  conservative  and  health  protective  carbon  range  that  can  be  detected 
by  the  FL-PRO  analytical  method,  the  >Cg  to  C10  range.  To  assess  whether  the  Tier  1 
TCL  was  an  appropriate  cleanup  goal  for  the  adjacent  Site  SS-15B,  44  soil  samples 
were  collected  at  Site  SS-15B  in  October  1997  and  analyzed  TRPH  using  the  FL-PRO 
method  (OHM,  1997).  The  TRPH  concentrations  were  broken  down  by  the  analytical 
laboratory  into  five  carbon-group  classes,  including  C8-C10,  >CI0-C12,  >C12-C16, 
>C16-C21,  and  >C21.  TRPH  concentrations  detected  in  11  of  the  44  Site  SS-15B  soil 
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samples  exceeded  the  Direct  Exposure  II  TCL  of  2,500  mg/kg;  concentrations  in  these 
11  samples  ranged  from  2,800  mg/kg  to  7,600  mg/kg.  However,  total  concentrations 
of  C8-C10  hydrocarbons  in  these  11  samples  ranged  from  126  mg/kg  to  403  mg/kg,  and 
did  not  exceed  the  Direct  Exposure  II  TCL  .  The  analytical  results  indicate  that  C8-C]0 
hydrocarbons  represented  4.1  percent  to  9.8  percent  of  the  TRPH.  The  low  percentage 
of  volatile,  low-molecular- weight  aromatics  present  in  the  fuel  is  confirmed  by  the  low 
magnitude  of  the  total  BTEX  concentrations,  which  constituted  less  than  0.1  percent  to 
0.5  percent  (average  0.3  percent)  of  the  TRPH  by  mass  .  Based  on  the  TRPH 
classification,  the  primary  TRPH  was  >CI2-C16,  which  have  relatively  low  toxicities 
(FDEP,  1997).  The  OHM  (1997)  report  concluded  that,  based  on  the  TRPH  carbon 
group  classification,  TRPH  did  not  appear  to  be  a  cleanup  driver  for  the  site. 

A  total  of  20  TRPH  concentrations  detected  in  soil  samples  at  Site  SS-15A  have 
exceeded  the  Tier  1  TCL  of  2,500  mg/kg.  With  the  exception  of  soil  from  AP8-SB6 
(TRPH  =  15,000  mg/kg),  TRPH  concentrations  detected  in  these  samples  (2,600 
mg/kg  to  9,600  mg/kg)  are  similar  to  those  detected  in  the  Site  SS15B  samples. 
Although  the  TRPH  concentrations  determined  for  Site  SS-15A  in  March  1994  and 
October  1997  were  not  broken  down  by  carbon-group  classes,  very  low  total  BTEX 
concentrations  were  observed  relative  to  the  TRPH  concentrations.  This  indicates  that, 
similar  to  Site  SS-15B,  C8-C10  hydrocarbons  in  Site  SS-15A  soils  are  also  insignificant. 
Total  BTEX  concentrations  in  Site  SS-15A  soil  samples  collected  in  1994  ranged  from 
less  than  0.1  to  4.4  percent  of  the  TRPH  concentrations  by  mass  (average  0.6  percent). 

Four  soil  samples  collected  at  Site  SS-15A  in  October  1997  contained  detectable 
concentrations  of  TRPH  that  ranged  from  21  mg/kg  to  200  mg/kg.  The  maximum  total 
BTEX  concentration  detected  in  these  four  samples  was  0.0197  mg/kg,  which  is 
approximately  0.1  percent  of  the  TRPH  concentration  detected  in  the  same  sample  (see 
Section  5).  The  1997  data  indicate  that  the  percentage  of  TRPH  consisting  of  low- 
molecular- weight,  volatile  compounds  (e.g.,  BTEX)  is  decreasing  over  time  at  Site  SS- 
15  A  due  to  preferential  attenuation  (via  biodegradation  and  volatilization)  of  the  more 
volatile  compounds.  Based  on  the  detailed  analysis  of  TRPH  completed  at  Site  SS- 
15B,  and  the  supporting  results  at  Site  SS-15A,  the  Air  Force  does  not  consider  the 
Tier  1  TCL  of  2500  mg/kg  to  be  valid  indicator  of  risk  for  this  highly  weathered  jet 
fuel.  Specific  analysis  of  VOCs,  SYOCs,  and  PAHs  at  the  site  have  been  used  to  more 
accurately  identify  Tier  1  soil  chemicals  of  potential  concern.” 

Based  on  this  TRPH  waiver,  AFBCA  intends  to  identify  areas  of  SS-15A  which  meet  all 
other  Tier  1  soil  criteria.  The  institutional  controls  recommended  for  these  areas  should 
be  less  restrictive  than  in  areas  where  soils  exceed  Tier  1  industrial  criteria.  General 
institutional  controls  will  be  included  in  land  transfer  documents  to  ensure  future 
construction  worker  protection.  The  exact  language  will  be  worked  out  by  AFBCA’s 
legal  counsel. 


s:\es\remed\rskbsd\homested\communic\comresp2.doc  09/18/98  3:23  PM 


PARSONS  ENGINEERING  SCIENCE,  INC. 


Memorandum  To  Mr.  Sam  Taffmder,  Mr.  Tom  Bartol,  and  Ms.  Rita  Chan 
Page  6 


Response  to  Comments  from  Dade  Environmental  Resource  Management  Group 

letter  dated  15  May  1998 

Risk-Based  Issues 

A.  Groundwater 

1.  Comment:  Please  provide  the  rationale  for  not  including  incidental  ingestion  and 
inhalation  of  volatile  organic  compounds  from  groundwater. 

Response:  The  Tier  2  site-specific  target  levels  (SSTLs)  will  be  recalculated  using 
construction  worker  exposure  assumptions  developed  for  use  at  Eglin  AFB,  Florida 
(McLain,  1998).  The  exposure  pathways  that  will  be  incorporated  in  the  new  SSTLs 
include  dermal  exposure  and  incidental  ingestion.  Section  7  of  the  final  Corrective 
Action  Plan  (CAP)  will  explain  that  the  SSTLs  will  be  used  as  cleanup  criteria  for  areas 
that  are  to  remain  under  Air  Force  control.  They  can  also  be  used  to  guide  the  cleanup  of 
areas  that  will  be  transferred  from  Air  Force  control,  but  are  not  intended  to  be  final 
cleanup  criteria.  The  Tier  1  target  cleanup  levels  (TCLs)  listed  in  Section  4  of  the  CAP 
will  be  considered  as  the  final  cleanup  criteria  for  transferred  land. 

2.  Comment:  1 Vinyl  Chloride  and/or  TCE  levels  higher  than  primary  drinking  water 
standards  have  been  consistently  detected  in  the  groundwater  throughout  the  monitoring 
period.  These  compounds  must  be  addressed. 

Response:  During  the  4  sampling  events  performed  from  January  1997  to  January 
1998  (year  2  quarter  1  to  year  2  quarter  4),  vinyl  chloride  (VC)  concentrations  exceeded  1 
pg/L  at  least  once  in  four  wells  at  apron  lines  API 5  and  API 7.  Detected  VC 
concentrations  ranged  up  to  5  pg/L.  During  the  same  time  period,  the  maximum  detected 
TCE  concentration  was  3  pg/L  at  apron  lines  API 7  and  API 8.  These  chlorinated 
aliphatic  hydrocarbons  (CAHs)  are  not  typical  fuel  constituents,  and  therefore  do  not 
appear  to  be  related  to  the  jet  fuel  distribution  system.  The  concurrent  detections  of  cis- 
1,2-DCE  (a  common  daughter  product  resulting  from  the  reductive  dechlorination  of 
TCE)  and  VC  (a  daughter  product  resulting  from  the  reductive  dechlorination  of  DCE)  in 
groundwater  indicate  that  anaerobic,  microbially-mediated,  reductive  dechlorination  of 
CAHs  is  occurring.  Under  highly  reducing,  methanogenic  conditions,  VC  may  be 
reductively  transformed  to  ethene,  a  non-toxic  end-product.  As  described  in  Section  6.4.8 
of  the  draft  final  CAP,  evidence  of  localized  methanogenic  conditions  in  Site  SS-15A 
groundwater  is  present.  Given  the  isolated  occurrence  and  low  magnitude  of  the  CAH 
concentrations,  the  evidence  that  reductive  dechlorination  is  occurring,  and  the  lack  of 
clearly-defined  sources,  remediation  by  natural  attenuation  (RNA)  is  the  preferred 
remedial  alternative  for  these  compounds.  Biannual  analysis  for  CAHs  is  recommended 


s:\es\remed\rskbsd\homested\communic\comresp2.doc  09/18/98  3:23  PM 


PARSONS  ENGINEERING  SCIENCE,  INC. 


Memorandum  To  Mr.  Sam  Taffinder,  Mr.  Tom  Bartol,  and  Ms.  Rita  Chan 
Page  7 


at  wells  AP15-MW37  and  AP17-MW40  and  will  be  included  in  the  long-term  monitoring 
(LTM)  plan. 

3.  Comment:  In  addition,  TRPH  levels  higher  than  Groundwater  Target  Cleanup 
Levels  developed  in  Chapter  62-770.  F.A.C.,  have  been  detected  in  the  groundwater  and 
must  be  addressed. 

Response:  During  the  January  1997  sampling  event  (the  last  event  that  included 
analysis  of  TRPH),  TRPH  concentrations  exceeded  the  Table  V  Target  Cleanup  Level 
(TCL)  and  Table  IX  Natural  Attenuation  Source  Default  Value  in  two  wells  (AP11- 
MW14  and  AP26-MW75)  and  1  well  (AP11-MW14),  respectively.  Engineered 
remediation  has  been  recommended  for  the  area  surrounding  AP26-MW75;  therefore, 
only  TRPH  at  AP11-MW14  remains  of  potential  concern.  Groundwater  from  this  well 
has  been  analyzed  for  TRPH  five  times  since  monitoring  began  in  October  1995.  The 
most  recent  analysis  result  (January  1997,  76  mg/L)  was  the  only  value  that  exceeded  the 
Natural  Attenuation  Source  Default  value  of  50  mg/L.  This  well  will  not  be  included  in 
the  LTM  program.  A  single  exceedence  of  the  Natural  Attenuation  Source  Default  Value 
is  not  sufficient  justification  for  continued  monitoring  at  this  location  given  the  future 
industrial  use  of  the  site,  the  presence  of  institutional  controls,  and  the  relative  immobility 
of  the  dissolved  contaminants. 

B.  Soil 

4.  Comment:  The  use  of  alternative  soil  cleanup  target  levels  is  justified  based  on  the 
presence  of  an  engineering  control  (pavement)  in  accordance  with  Rule  62-770-680(2)c4. 
Be  advised,  however,  that  an  institutional  control  in  the  form  of  a  Deed  Restriction  is 
required,  which  prohibits  removal  of  the  engineering  control.  Removal  of  institutional 
and  engineering  controls  require  prior  departmental  approval  and  must  be  accompanied 
by  active  cleanup,  unless  the  required  reassessment  reveals  that  the  applicable  cleanup 
target  levels  have  been  achieved. 

Response:  The  Air  Force  is  aware  of  the  Deed  Restriction  requirement. 

5.  Comment:  The  FDEP  industrial  worker  default  values  for  exposed  skin  surface 
area  and  soil  ingestion  rates  may  not  be  appropriate  for  the  construction  worker.  The 
industrial  worker  is  assumed  to  be  an  indoor/office  worker.  The  construction  worker 
could  potentially  intake  greater  amounts  of  soil  and  would  likely  wear  different  type  of 
clothing,  exposing  a  greater  skin  surface  area.  DERM  recommends  using  an  ingestion 
rate  of  480  mg/kg  (Hawley,  J.K.,  1985)  and  an  exposed  skin  surface  area  for  the  head, 
hands  and  forearms,  minimally.  However,  alternate  values  may  be  proposed  with  the 
appropriate  references. 
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Response:  As  described  in  the  response  to  comment  1,  the  SSTLs  will  be  recalculated 
using  the  Eglin  AFB  exposure  assumptions;  these  assumptions  have  been  reviewed  and 
approved  by  the  FDEP.  For  soil  exposure,  an  exposed  skin  surface  area  of  5,300  cm2  and 
an  ingestion  rate  of  480  mg/day  will  be  used  to  compute  reasonable  maximum  exposure 
(RME)  SSTLs.  For  groundwater  exposure,  a  skin  surface  area  of  5,300  cm2  and  an 
ingestion  rate  of  0.005  L/hr  will  be  used. 

6.  Comment:  As  indicated  in  all  previous  MPO  Quarterly  review  letters,  the  soil 
assessment/delineation  for  TRPH  is  incomplete  and  must  be  addressed. 

In  addition,  it  is  recommended  that  areas  with  TRPH  concentrations  exceeding 
Industrial  Direct  Exposure  Soil  Cleanup  Target  Levels  identified  during  the  initial 
assessment  using  EPA  Method  9071  are  re-sampled  utilizing  FL-PRO.  Use  of  the  FL- 
PRO  including  carbon  range  speciation  will  present  a  more  accurate  representation  of 
TRPH  contaminant  concerns  on  site  and  may  provide  for  the  development  of  more  cost 
effective  solutions  (i.e.,  reduction  in  the  areal  extent  of  the  TRPH  plume  exceeding 
Chapter  62-770,  F.A.C.  soil  cleanup  target  levels).  In  addition,  teachability  concerns 
must  be  addressed  if  Soil  Cleanup  Target  Levels  for  teachability  are  exceeded.  This  may 
be  addressed  through  SPLP  sampling  or  through  engineering  controls  (i.e.,  maintaining 
the  surface  seal)  in  conjunction  with  institutional  controls. 

Response:  See  the  response  to  FDEP  comment  No.  6  for  discussion  of  requested 
waiver  of  Tier  1  TRPH  criteria.  Soil  TRPH  concentrations  exceeded  the  Tier  1 
leachability  TCL  numerous  times,  indicating  that  groundwater  impacts  may  be 
unacceptable.  However,  in  January  1997  (the  last  event  that  included  analysis  of 
TRPH),  groundwater  TRPH  concentrations  in  only  two  wells  exceeded  the  Tier  1  Table 
V  TCL  (one  of  these  detections  was  in  an  area  that  will  be  remediated),  and 
concentrations  in  only  1  well  exceeded  the  natural  attenuation  source  default  value 
(although  not  all  samples  were  analyzed  for  TRPH).  The  TRPH  consists  primarily  of 
heavy,  longer-chained  PAHs  that  are  relatively  immobile  in  the  subsurface,  and 
migration  risks  are  negligible.  The  available  data  indicate  that  the  detected  soil  TRPH 
concentrations  are  not  having  significant  adverse  impacts  on  groundwater  quality. 
Given  the  strong  evidence  that  biodegradation  of  petroleum  hydrocarbon  compounds  is 
occurring  in  the  subsurface  beneath  the  site,  TRPH  concentrations  will  decrease  over 
time.  Maintenance  of  the  pavement  cap  and  use  of  other  institutional  controls  and  deed 
restrictions  will  minimize  leaching  and  prevent  improper  exposure  to  contaminated 
media.  Further  definition  of  the  extent  of  soil  TRPH  contamination  will  not  alter  these 
conclusions. 


s:\es\remed\rskbsd\homested\communic\comresp2.doc  09/18/98  3:23  PM 


PARSONS  ENGINEERING  SCIENCE,  INC. 


Memorandum  To  Mr.  Sam  Taffmder,  Mr.  Tom  Bartol,  and  Ms.  Rita  Chan 
Page  9 


7.  Comment:  Please  provide  the  rationale  for  selecting  exposure  frequencies  of  60, 
30  and  5  days/year  and  an  exposure  duration  of  1  year.  The  values  for  these  variables 
must  be  based  on  site-specific,  historical  information  and  must  consider  the  potential  for 
cumulative  exposure  of  an  individual  contractor  to  multiple  contaminated  sites  within  the 
HARB. 

Response:  The  SSTLs  will  be  recalculated  using  exposure  frequencies  derived  for 
use  at  Eglin  AFB  and  accepted  by  the  FDEP  (180  days/yr  for  soil  and  46  days/yr  for 
groundwater)  (McLain,  1998).  These  values  reportedly  are  based  on  studies  of  actual 
conditions  during  typical  construction  activities.  (Reference:  McLain,  Captain. 
Tables  received  from  Eglin  AFB,  Florida  with  construction  worker  exposure 
assumptions.  June  12,  1998). 

Source  Reduction  Issues 

8.  Comment:  Details  of  the  procedures  to  be  implemented  during  any  soil  removal 
must  be  submitted  in  a  Remedial  Action  Plan  prepared  in  accordance  with  Chapter  62- 
770  F.A.C.  These  details  must  include  but  not  be  limited  to: 

1.  The  frequency  of  samples  using  a  field  screening  technique  (OVA),  and  the 
endpoint  goals  of  the  field  screening  during  soil  excavation. 

2.  The  frequency  of  confirmatory  analytical  samples  and  proposed  parameters, 
etc. 

3.  The  design  calculations  for  the  treatment  of  the  water  to  be  pumped  from  the 
excavations  must  be  included  in  the  Remedial  Action  Plan. 

Be  advised  that  in  all  cases  where  groundwater  is  withdrawn  from  the  aquifer,  the 
DERM  strongly  recommends  the  use  of  on  site  recharge  in  order  to  conserve  the 
groundwater  resources  of  Miami-Dade  County.  If  sanitary  sewer  is  the  only  feasible  or 
cost  effective  alternative,  the  location  and  construction  details  of  the  connection  must  be 
submitted  in  order  to  determine  if  this  alternative  is  acceptable. 

Response:  A  remedial  action  plan  outlining  excavation  procedures  will  be  submitted 
for  review  prior  to  any  soil  removal.  The  use  of  on-site  recharge  will  be  considered. 
However,  the  selected  remedial  alternative  includes  aggressive  pumping  from  a  30-  by 
30-foot  excavation  for  2  weeks  (estimated  total  of  300,000  gallons  to  be  extracted). 
Recharge  of  this  water  would  be  technically  infeasible  without  concurrent  construction  of 
an  extensive  recharge  gallery  given  the  large  volume  of  water  that  will  potentially  be 
removed  during  a  short  time  period.  Construction  of  such  a  gallery  would  add 
significantly  to  the  cost  of  the  remedial  action  and  is  not  warranted  given  the  short-term 
nature  of  the  remedial  action. 
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EXECUTIVE  SUMMARY 


GENERAL  OVERVIEW 

A  limited  site  investigation  addressing  soil  and  groundwater  contaminated  with  fuel 
hydrocarbons  at  Site  SS-15A,  Homestead  Air  Force  Base  (AFB),  Florida,  was 
conducted  by  Parsons  Engineering  Science,  Inc.  (Parsons  ES).  Field  work  was 
conducted  to  supplement  previous  investigations  and  to  complete  the  corrective  action 
plan  (CAP)  presented  in  this  report  in  support  of  a  risk-based  remediation  decision  for 
Site  SS-15A.  Characterization  field  efforts  for  this  investigation  were  conducted  in 
October  1997.  An  in  situ  bioventing  pilot  test  also  was  performed  at  Site  SS-15A  to 
determine  the  effectiveness  of  this  remedial  technique  in  treating  site-related 
contamination. 

The  risk-based  demonstration  at  Site  SS-15A  is  sponsored  by  the  United  States  (US) 
Air  Force  Center  for  Environmental  Excellence  (AFCEE)  at  Brooks  Air  Force  Base, 
Texas  under  Air  Mobility  Command  (AMC)  contract  F11623-94-D-0024,  Delivery 
Order  RL39,  and  is  a  component  of  a  multi-site  AFCEE  initiative.  The  purpose  of  this 
initiative  is  to  demonstrate  how  quantitative  fate  and  transport  calculations  and  risk 
evaluation,  based  on  site-specific  data,  can  be  integrated.  Consequently,  this 
integration  allows  for  rapid  determination  of  the  type  and  magnitude  of  corrective 
action  required  at  a  site  to  minimize  contaminant  migration,  receptor  exposure,  and 
subsequent  risks  to  potential  receptors.  Risk-based  remediation  is  designed  to  combine 
natural  physical,  chemical,  and  biological  processes  with  low-cost  source  reduction 
technologies  such  as  limited  excavation  and  in  situ  bioventing  to  economically  reduce 
potential  risks  to  human  health  and  the  environment  posed  by  subsurface  petroleum  fuel 
spills. 

Site  SS-15A  is  a  flightline  apron  located  in  the  southeastern  portion  of  the  Base  and 
encompasses  an  asphalt  and  concrete  covered  area  approximately  7,600  feet  long  and 
1,130  feet  wide.  The  site  contains  26  abandoned  underground  jet  fuel  distribution  lines 
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(AP-4  through  AP-29).  The  lines  were  installed  beginning  in  1956,  and  were 
abandoned  in  late  1993  and  early  1994.  The  fuel  hydrocarbon  contamination  in  soil 
and  groundwater  at  Site  SS-15A  (primarily  JP-4  jet  fuel)  occurs  in  a  number  of  isolated 
areas  beneath  the  flightline  apron  and  generally  in  the  vicinity  of  fuel  line  valve  boxes. 
Because  of  the  flat  groundwater  hydraulic  gradient,  migration  of  dissolved  contaminant 
plumes  does  not  appear  to  have  occurred  to  any  appreciable  extent.  Analytical  results 
for  vertical  extent  wells  indicate  that  the  dissolved  contamination  is  limited  to  the 
shallow  portion  of  the  surficial  aquifer. 

One  objective  of  the  CAP  is  to  document  any  potential  current  risks  to  human  health 
and  the  environment  (i.e.,  ecological  receptors)  due  to  exposure  to  chemical 
contaminants  originating  from  Site  SS-15A.  The  CAP  also  addresses  the  potential 
future  risks  to  human  and  ecological  receptors  due  to  exposure  to  chemical 
contaminants  over  time,  accounting  for  the  effects  of  natural  chemical  attenuation 
processes.  The  overall  objective  of  the  CAP  is  to  develop  and  present  a  recommended 
risk-based  remedial  approach  for  fuel  hydrocarbon  contamination  in  soils  and 
groundwater  at  Site  SS-15A  that  is  protective  of  both  human  health  and  the 
environment. 

OVERVIEW  OF  PROJECT  ACTIVITIES 

It  is  the  intent  of  the  Air  Force  to  pursue  a  risk-based  remediation  of  Site  SS-15A  in 
conformance  with  the  tiered-approach  framework  established  by  the  Florida  Department 
of  Environmental  Protection  (FDEP)  (1997).  The  activities  conducted  pursuant  to  1) 
determining  the  need  for  and  type  of  any  interim  corrective  action,  and  2)  establishing 
the  level  of  evaluation  necessary  to  define  risk-reduction  requirements  at  this  site 
included  characterizing: 

•  The  nature  and  extent  of  fuel  hydrocarbon  contamination  in  selected  portions  of 
the  site; 

•  The  locations  of  potential  groundwater  discharge  areas; 

ES-2 


022/73 1298/ 14.  DOC 


The  local  geology  and  hydrogeology  that  may  affect  contaminant  transport; 


•  The  proximity  of  the  site  to  drinking  water  aquifers,  surface  water,  and  other 
sensitive  environmental  resources; 

•  The  expected  persistence,  mobility,  chemical  form,  and  environmental  fate  of 
contaminants  in  soils  and  groundwater  under  the  influence  of  natural  physical, 
chemical,  and  biological  processes; 

•  The  current  and  potential  future  uses  of  the  site  and  its  vicinity,  including 
groundwater,  and  the  likelihood  of  exposure  of  receptors  to  other  potentially 
impacted  environmental  media  over  time; 

•  The  potential  risks  associated  with  chemical  contamination  under  current  and 
foreseeable  future  conditions; 

•  The  long-term  target  remedial  objectives  and  chemical-specific  concentration 
goals  required  to  protect  human  health  and  the  environment;  and 

•  The  treatability  of  residual  fuel  hydrocarbon  contamination  using  low-cost  source- 
reduction  technologies  such  as  limited  excavation  and  bioventing. 

RESULTS  OF  RISK-BASED  ANALYSIS 

Several  remedial  approaches  that  rely  both  on  natural  processes  and  on  engineered 
solutions  were  evaluated  for  the  site.  A  site-specific  exposure  pathways  analysis 
involving  environmental  media  impacted  by  chemical  contamination  at  Site  SS-15A  was 
completed  to  assess  whether  existing  and  predicted  future  concentrations  of  hazardous 
substances  would  pose  a  threat  to  current  and  foreseeable  future  onsite  or  offsite 
receptors.  The  site-specific  exposure  pathways  analysis  indicates  that  only  onsite 
intrusive  workers  could  reasonably  be  exposed  to  significant  concentrations  of  site- 
related  contamination. 
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Concentrations  of  several  fuel  hydrocarbons  measured  at  Site  SS-15A  slightly  exceed 
applicable  Tier  1  target  cleanup  levels  (TCLs)  (FDEP,  1997).  Tier  1  TCLs  are  generic 
risk-based  concentrations  that  are  used  as  a  screening  tool  to  initially  determine  what 
chemicals  of  potential  concern  (COPCs)  might  exist  in  an  unrestricted  industrial  land 
use  scenario.  Because  the  long-term  remediation  objective  of  this  site  is  to  use  this 
property  for  unrestricted  industrial  use,  FDEP  has  requested  that  the  ultimate  cleanup 
goal  for  this  site  is  to  achieve  Tier  1  TCLs.  The  analytes  with  Site  SS-15A 
concentrations  above  the  Tier  1  screening  levels  include  benzene,  ethylbenzene, 
xylenes,  methyl  tert-butyl  ether  (MTBE),  naphthalene,  several  poly  aromatic 
hydrocarbons  (PAHs)  and  total  recoverable  petroleum  hydrocarbons  (TRPH).  This 
CAP  requests  a  waiver  from  Tier  1  TCLs  for  TRPH  based  on  the  low  mass  fraction  of 
BTEX  and  other  C8  -  C10  compounds  remaining  in  these  jet  fuel  residuals. 

The  Florida  Air  National  Guard  (FANG)  will  continue  to  control  and  operate  from 
the  northern  end  of  Site  SS-15A.  This  continuation  of  Air  Force  control  allows  for 
more  oversight  of  future  construction  workers  in  the  FANG  area,  and  limitations  on 
their  exposure  to  any  contaminated  soil  or  groundwater.  In  addition  to  the  generic  Tier 
1  evaluation,  a  Tier  2  evaluation  was  conducted  to  develop  alternate  site-specific  target 
levels  (SSTLs)  to  guide  corrective  actions  to  be  implemented  in  the  FANG  area. 
These  SSTLs  are  based  upon  construction  worker  exposure  scenarios  that  have  been 
approved  by  FDEP  for  active  Air  Force  installations.  SSTLs  were  also  used  to 
determine  if  there  were  other  areas  within  Site  SS-15A  that  posed  a  significant  threat  to 
intrusive  construction  workers.  Comparison  of  Site  SS-15A  contaminant 
concentrations  to  site-specific  Tier  2  SSTLs  indicated  that  the  maximum  detected 
concentrations  of  benzo(a)anthracene,  benzo(a)pyrene,  and  benzo(b)fluoranthene 
measured  in  groundwater  between  December  1996  and  October  1997  exceeded  their 
respective  health-based  groundwater  SSTLs.  These  exceedences  were  concentrated 
within  the  FANG  area  indicating  a  potential  need  for  remediation  to  protect  future 
construction  workers.  Minor  exceedences  of  Tier  2  soil  SSTLs  were  detected  for 
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benzo(a)pyrene  and  dibenz(a,h)  anthracene,  but  these  were  scattered  and  only  appeared 
to  impact  groundwater  in  the  FANG  area. 

A  site-specific  chemical  fate  assessment  was  completed  to  identify  the  potential  for, 
and  risks  associated  with,  exposure  to  chemical  contamination  over  time  at  the  site. 
The  potential  for  receptor  exposure  to  chemical  contamination  at  Site  SS-15A  over  time 
depends  on  future  site  conditions  and  the  persistence,  mobility,  chemical  form,  toxicity, 
and  fate  of  site-related  contaminants.  Site  characterization  data  relevant  to  documenting 
natural  chemical  attenuation,  specifically  bioattenuation,  were  collected  and  are 
documented  in  this  CAP.  Fate  and  transport  model  results  were  used  to  predict  the 
exposure-point  concentrations  of  indicator  compounds  (benzene  and  benzo(a)pyrene) 
over  time  at  the  site. 

Although  site-specific  data  indicate  that  groundwater  COPCs  are  being  reduced  in 
mass,  concentration,  and  toxicity  by  natural  chemical  attenuation  processes,  the 
BIOSCREEN  model  developed  for  the  site  suggests  that  concentrations  of  dissolved 
benzene  and  benzo(a)pyrene  will  not  be  reduced  below  their  Tier  1  TCLs  or  SSTLs  at 
every  point  at  the  site  for  up  to  6  years  and  27  years,  respectively,  unless  some  type  of 
source  removal  is  undertaken  in  the  FANG  area.  Additionally,  this  model  predicts  that 
benzene,  which  is  the  most  mobile  of  the  simulated  COPCs,  will  not  migrate  more  than 
approximately  50  feet  from  the  source  area.  Therefore,  attainment  of  Tier  1  TCLs  in 
groundwater  could  take  up  to  27  years  if  only  natural  chemical  attenuation  with  LTM 
were  implemented  at  this  site. 

RECOMMENDED  REMEDIAL  ALTERNATIVE 

The  recommended  remedial  alternative  for  all  areas  of  Site  SS-15A  with  Tier  1 
exceedences  is  continued  institutional  controls  to  ensure  the  protection  of  any  future 
workers  involved  in  excavation  activities,  and  continued  groundwater  monitoring  to 
confirm  that  natural  attenuation  is  reducing  COPC  concentrations  and  limiting 
migration.  These  controls  should  be  included  in  land  transfer  documents  for  areas  of 
the  site  that  will  be  transferred  from  Air  Force  control. 
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Because  soils  and  groundwater  within  the  FANG  area  exhibited  a  greater  number  of 
Tier  1  and  SSTL  exceedences,  two  remedial  alternatives  that  incorporate  engineered 
source  reduction  were  developed  to  more  rapidly  achieve  the  desired  contaminant 
reductions.  The  comparative  remedial  analysis  presented  in  this  CAP  indicates  that  the 
best  combination  of  risk  reduction  and  low  cost  remediation  can  be  achieved  by 
excavating  source  area  soils  in  two  FANG  areas  (AP-26  and  AP-27)  and  pumping 
groundwater  from  the  excavations  for  a  limited  period  (approximately  2  weeks  per 
excavation  area).  Excavation  of  source  area  soils  would  rapidly  and  relatively 
inexpensively  remove  the  source  of  dissolved  groundwater  contamination.  This 
activity,  in  combination  with  intensive  short-term  groundwater  extraction,  would 
remove  both  residual  and  dissolved  contaminants,  and  has  the  potential  to  achieve 
health-protective  Tier  1  TCLs  and  SSTLs  for  groundwater  within  3  years  of 
implementation  of  this  alternative.  To  confirm  that  the  predicted  degree  of  remediation 
is  being  attained  and  to  ensure  that  no  unacceptable  receptor  exposures  to  chemical 
contamination  could  occur  at  the  site,  a  long-term  monitoring  plan  is  included  in  this 
CAP. 
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SECTION  1 

INTRODUCTION 


1.1  PURPOSE  AND  SCOPE 

Parsons  Engineering  Science,  Inc.  (Parsons  ES)  was  retained  by  the  United  States 
(US)  Air  Force  Center  for  Environmental  Excellence  (AFCEE)  to  prepare  a  corrective 
action  plan  (CAP)  in  support  of  a  risk-based  remediation  decision  for  soil  and 
groundwater  contaminated  with  fuel  hydrocarbons  at  Site  SS-15A  at  Homestead  Air 
Force  Base  (AFB),  Florida.  Site  SS-15A,  the  Flightline  Apron,  encompasses  an  asphalt- 
and  concrete-covered  area  approximately  7,600  feet  long  and  1,130  feet  wide.  The  site 
contains  26  abandoned  underground  jet  fuel  distribution  lines  (AP-4  through  AP-29). 
Fuel  releases  from  leaking  underground  fuel  distribution  lines  and  re/defueling  valve 
boxes  located  along  these  lines,  have  contaminated  site  soil  and  groundwater  with  fuel 
hydrocarbons. 


Risk-based  remediation  is  designed  to  combine  natural  physical,  chemical,  and 
biological  processes  with  low-cost  source  reduction  technologies  such  as  limited 
excavation  and  in  situ  bioventing,  as  necessary,  to  economically  reduce  potential  risks 
to  human  health  and  the  environment  posed  by  subsurface  petroleum  fuel  spills.  For 
any  chemical  to  pose  a  risk,  four  elements  must  exist  at  the  site: 

•  A  source  of  chemical  contamination  that  exceeds  or  could  generate  chemical 
contamination  above  health-protective  or  aesthetic  standards; 

•  A  mechanism  of  contaminant  release; 

•  A  human  or  ecological  receptor  and  a  receptor  exposure  point;  and 
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A  completed  pathway  through  which  that  receptor  will  contact  the  chemical. 


If  any  one  of  these  four  elements  is  absent  at  a  site,  there  is  no  current  risk.  The 
reduction  or  elimination  of  risk  can  be  accomplished  by  limiting  or  removing  any  one 
of  these  four  elements  from  the  site. 

The  goal  of  this  CAP  is  to  find  and  document  the  most  cost-effective  method  of 
reducing  present  and  future  risk  by  combining,  as  necessary,  three  risk-reduction 
techniques: 

•  Chemical  Source  Reduction  -  Achieved  by  natural  attenuation  processes  over  time 
and/or  by  engineered  removals  such  as  limited  excavation,  soil  vapor  extraction 
(SVE),  or  in  situ  bioventing. 

•  Chemical  Migration  Control  -  Examples  include  the  natural  attenuation  of  a 
groundwater  plume,  and  SVE  to  prevent  migration  of  hazardous  vapors  to  a 
receptor  exposure  point. 

•  Receptor  Restriction  -  Institutional/engineering  controls  (e.g.,  excavation 
precautions,  impermeable  cap)  to  limit  receptor  exposure  to  site  contaminants 
until  natural  attenuation  and/or  engineered  remediation  can  reduce  the  chemical 
source  and/or  eliminate  the  potential  for  chemical  migration  to  an  exposure  point. 

The  major  tasks  that  have  been  performed  in  support  of  this  risk-based  project  are: 

•  Assessing  available  data  and  collecting  supplemental  site  characterization  data 
necessary  to  define  the  nature,  magnitude,  and  extent  of  soil,  soil  gas,  and 
groundwater  contamination  and  to  document  to  what  degree  natural  attenuation 
processes  are  operating  at  the  site; 

•  Determining  whether  an  unacceptable  risk  to  human  health  or  the  environment 
currently  exists  or  may  exist  in  the  foreseeable  future  using  reasonable  exposure 
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scenarios,  quantitative  contaminant  fate  and  transport  models,  and  exposure 
concentration  estimates;  and 

•  Evaluating  and  recommending  a  remedial  alternative  that  both  reduces  the  source 
of  contamination  and  minimizes  or  eliminates  risks  to  potential  receptors. 

This  CAP  was  prepared  in  accordance  with  the  final  Petroleum  Contamination  Site 
Cleanup  Criteria  rule  (Chapter  62.770  of  the  Florida  Administrative  Code  [FAC]) 
(Florida  Department  of  Environmental  Protection  [FDEP],  1997).  This  rule  provides 
guidance  for  determining  the  remedial  requirements  for  closure  of  petroleum- 
contaminated  sites,  including  several  methods  for  determining  matrix-specific  cleanup 
criteria. 

Once  a  petroleum-contaminated  site  has  been  characterized,  the  site  may  be 
subjected  to  a  Tier  1  risk  evaluation.  A  Tier  1  evaluation  is  a  screening-level 
assessment  where  contaminant  concentrations  measured  in  site  media  are  compared  to 
generic  target  cleanup  levels  (TCLs)  that  are  based  on  conservative  receptor  exposure 
factors,  potentially  completed  receptor  exposure  pathways,  and  land  use  assumptions, 
to  identify  appropriate  corrective  actions.  FDEP  (1997)  presents  Tier  1  TCLs  for 
various  receptor  exposure  scenarios  in  lookup  tables. 

In  the  event  that  measured  site  concentrations  exceed  the  applicable  Tier  1  TCLs, 
either  an  interim  corrective  action  or  a  Tier  2  (site-specific)  evaluation  may  be  pursued. 
If  an  interim  corrective  action  is  deemed  unnecessary,  a  Tier  2  evaluation  may  be 
conducted  to  establish  reasonable,  risk-based  target  cleanup  objectives  for  a  specific 
site.  A  Tier  2  evaluation  is  more  comprehensive  than  a  Tier  1  analysis  because  it 
requires  quantitative  contaminant  fate  and  transport  calculations  and  the  development  of 
site-specific  remediation  goals  for  potential  receptor  exposure  pathways  based  on 
reasonable  exposure  assumptions  and  actual  land  use  considerations.  Tier  2  site- 
specific  target  levels  (SSTLs)  are  based  on  the  outcome  of  a  predictive  exposure 
pathways  analysis  to  evaluate  current  and  potential  future  human  health  risks  and  short- 
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term  and  long-term  contaminant  fate  at  the  site.  Although  Tier  2  evaluations  usually 
involve  more  rigorous  analysis  and  may  require  use  of  long-term  institutional  controls, 
they  should  result  in  a  more  focused  remediation  of  those  contaminants  that  may 
actually  pose  a  risk  to  potential  receptors. 

This  CAP  estimates  potential  risks  to  human  health  and  the  environment  (i.e., 
ecological  receptors)  from  exposure  to  chemical  contaminants  originating  from  Site  SS- 
15A  under  current  conditions.  The  CAP  also  estimates  the  potential  risks  to  future 
human  and  ecological  receptors  due  to  exposure  to  chemical  contaminants  over  time, 
accounting  for  the  effects  of  natural  chemical  attenuation  processes.  Finally,  the  CAP 
develops  and  describes  a  recommended  remedial  approach  for  fuel  hydrocarbon 
contamination  in  soils,  groundwater,  and  soil  gas  at  Site  SS-15A  that  ultimately  can 
achieve  the  Tier  1  TCLs.  This  CAP  is  being  submitted  for  review  and  approval  in 
accordance  with  FDEP  (1997)  program  requirements. 

1.2  REPORT  ORGANIZATION 

This  CAP  consists  of  11  sections,  including  this  introduction  (Volume  I),  and  six 
appendices  (Volume  II).  Site  background,  including  operating  history  and  a  review  of 
environmental  site  investigations  conducted  to  date,  is  provided  in  the  remainder  of  this 
section.  Section  2  summarizes  the  1997  site  characterization  activities  performed  by 
Parsons  ES.  Physical  characteristics  of  Site  SS-15A  and  surrounding  environs  are 
described  in  Section  3.  A  Tier  1  evaluation  is  completed  in  Section  4  to  identify  those 
site  contaminants  that  are  considered  chemicals  of  potential  concern  (COPCs).  Section 
5  summarizes  the  nature  and  extent  of  COPC  contamination  at  the  site.  Section  6 
addresses  the  effects  of  natural  chemical  attenuation  processes  that  are  documented  to 
be  occurring  at  the  site,  and  presents  quantitative  chemical  fate  and  transport  and 
receptor  exposure  analyses.  The  comprehensive  Tier  2  evaluation,  including  the 
development  of  SSTLs,  is  detailed  in  Section  7.  Section  8  presents  contaminant 
treatability  pilot  test  results  for  bioventing,  and  evaluates  this  low-cost  source  reduction 
technology.  Section  9  presents  a  comparative  analysis  of  three  candidate  remedial 
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alternatives.  Section  10  is  a  more  detailed  implementation  plan  for  the  recommended 
remedial  alternative,  including  a  detailed  long-term  monitoring  plan  (LTMP).  Section 
1 1  presents  references  used  in  preparing  this  CAP.  Sections  1  through  1 1  are  presented 
in  Volume  I  of  this  CAP. 

Boring  logs,  groundwater  sampling  forms,  and  well  construction  diagrams  for  all 
sampling  activities  completed  by  Parsons  ES  at  Site  SS-15A  are  included  in  Appendix 
A.  Appendix  B  includes  the  quantitative  calculations  and  fate  and  transport  model 
results  used  in  the  predictive  chemical  fate  assessment.  Appendix  C  presents  the  site- 
specific  (Tier  2)  SSTL  derivations  and  toxicity  profiles  for  CO  PCs.  Appendix  D 
presents  the  source-reduction  treatability  pilot  test  data  and  calculations,  and  Appendix 
E  summarizes  the  screening,  development,  and  cost  analyses  of  remedial  alternatives 
considered  in  detail  within  this  CAP.  Appendix  F  presents  a  site-specific  sampling  and 
analysis  plan  (SAP)  for  the  LTM  at  the  site.  The  six  appendices  to  this  CAP  are 
included  in  Volume  II. 

1.3  SITE  BACKGROUND 

Homestead  AFB  is  currently  the  headquarters  for  the  482nd  Air  Force  Reserve 
Fighter  Wing  which,  along  with  the  Florida  Air  National  Guard  (FANG),  occupies 
approximately  one-third  of  the  Base  property  (the  cantonment  area).  Site  SS-15A,  the 
Flightline  Apron,  is  located  mostly  outside  of  the  cantonment  area.  Site  SS-15A  is 
expected  to  be  transferred  to  the  Dade  County  Aviation  Department,  with  the  exception 
of  the  northern  corner  of  the  site  that  is  used  by  the  FANG. 

Homestead  AFB  is  located  in  Dade  County,  Florida,  approximately  25  miles  south 
of  the  City  of  Miami  and  1.5  miles  west  of  Biscayne  Bay  (Figure  1.1).  The  FDEP 
facility  designation  for  Site  SS-15A  is  No.  138521996,  and  the  Dade  County 
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Department  of  Environmental  Resources  (DERM)  identifier  is  No.  UT-5272.  Site  SS- 
15A  is  located  in  the  southeastern  portion  of  the  Base  and  encompasses  a  197-acre 
asphalt-  and  concrete-covered  area  measuring  approximately  7,600  feet  long  and  1,130 
feet  wide  (Figure  1.2).  The  site  contains  26  abandoned  underground  jet  fuel 
distribution  lines  (AP-4  through  AP-29,  Figure  1.3).  The  adjacent  Site  SS-15B,  located 
southeast  of  Site  SS-15A,  is  the  location  of  nine  former  pumphouses  and  fuel  tank 
farms  that  supplied  fuel  to  pipelines  within  Site  SS-15A. 

The  26  4-inch  (AP-19)  to  6-inch-diameter  (all  others)  steel  distribution  lines  extend 
northwest  beneath  the  Flightline  Apron  from  the  former  pumphouses.  The  lines  are 
spaced  on  293-foot  centers,  and  six  valve  boxes,  spaced  at  136-foot  intervals,  are 
located  along  each  distribution  line  (Figure  1.3).  The  lines  were  installed  beginning  in 
1956,  were  removed  from  service  in  the  early  1960s,  and  were  abandoned,  along  with 
the  fuel  farm  tanks,  in  late  1993  and  early  1994  (OHM,  1997).  The  fuel  storage  tanks 
were  removed  by  OHM  (1995a)  during  December  1993  through  February  1994.  The 
fuel  hydrant  system  (FHS)  piping  was  purged  of  fuel,  tested,  and  25  of  the  26 
distribution  lines  were  grouted  in  early  1994  (OHM  1995a).  Line  AP-4  was  left  open 
after  purging  for  possible  future  use. 

1.4  PREVIOUS  REMEDIAL  INVESTIGATIONS  AND  INTERIM  REMEDIAL 
ACTIONS 

Several  phases  of  environmental  investigations  and  quarterly  groundwater 
monitoring  events  have  been  conducted  at  Sites  SS-15  from  1986  through  1997. 
Geraghty  &  Miller,  Inc.  (1992)  performed  IRP  Phase  II  (1986)  and  IV  (1988/1989) 
investigations  in  the  fuel  pumphouses  area  (Site  SS-15B),  including  soil  vapor  surveys, 
monitoring  well  installation,  and  environmental  media  analyses.  After  abandoning  and 
grouting  the  fuel  distribution  lines  in  1994,  OHM  conducted  several  phases  of  soil  and 
groundwater  investigations  at  Site  SS-15A,  including  seven  quarters  of  groundwater 
monitoring.  Interim  remedial  actions,  consisting  of  overdeveloping  selected  wells  to 
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reduce  concentrations  of  dissolved  fuel  hydrocarbons,  were  implemented.  Other 
investigation  and  interim  remedial  action  activities  at  Site  SS-15A  have  included: 

•  Collection  and  analysis  of  soil  samples  from  232  boreholes  along  and  between  the 
fuel  distribution  piping  beneath  the  Flightline  Apron  in  March  1994;  installation 
and  sampling  of  84  temporary  monitoring  wells  (TMWs);  installation  and 
sampling  of  103  permanent  monitoring  wells;  and  performance  of  11  aquifer  slug 
tests  (OHM,  1995a); 

•  Installation  of  15  shallow  monitoring  wells,  overdevelopment  of  32  shallow 
monitoring  wells,  and  collection  and  analysis  of  groundwater  samples  from  69 
shallow  monitoring  wells  during  September/October  1995  (first  quarterly 
monitoring-only  [MO]  event)  (OHM,  1995b); 

.  Installation  of  3  shallow  monitoring  wells,  overdevelopment  of  6  shallow 
monitoring  wells,  and  collection  and  analysis  of  groundwater  samples  from  73 
shallow  monitoring  wells  during  January  1996  (second  quarterly  MO  event) 
(OHM,  1996a); 

•  Overdevelopment  of  1  shallow  monitoring  well,  and  the  collection  and  analysis  of 
groundwater  samples  from  76  shallow  monitoring  wells  during  April  1996  (third 
quarterly  MO  event)  (OHM,  1996b); 

•  Installation  of  5  shallow  and  2  intermediate-depth  monitoring  wells,  and 
collection  and  analysis  of  groundwater  samples  from  81  shallow  and  2 
intermediate-depth  monitoring  wells  during  July  1996  (fourth  quarterly  MO 
event)  (OHM,  1996c); 

•  Installation  of  2  shallow  monitoring  wells,  and  collection  and  analysis  of 
groundwater  samples  from  51  shallow  monitoring  wells  during  December  1996- 
January  1997  (year  two  first-quarter  MO  event)  (OHM,  1997a); 
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•  Installation  of  two  pilot-scale  bio  venting  systems,  soil  and  soil  gas  sampling,  air 
permeability  testing  and  in  situ  respiration  testing  were  performed  at  Site  SS-15B 
by  OHM  and  Parsons  ES  in  October  and  November  1996  and  February  1997 
(Parsons  ES,  1997a); 

•  Collection  and  analysis  of  groundwater  samples  from  40  shallow  monitoring  wells 
during  July  1997  (year  two  second-quarter  MO  event)  (OHM,  1997b); 

•  Collection  and  analysis  of  groundwater  samples  from  40  shallow  monitoring  wells 
during  October  1997  (year  two  third-quarter  MO  event)  (OHM,  1997c);  and 

•  Collection  and  analysis  of  groundwater  samples  from  shallow  monitoring  wells 
during  January  1998  (year  two  fourth-quarter  MO  event)  (OHM,  report  pending). 
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SECTION  2 

SITE  CHARACTERIZATION  ACTIVITIES 


Since  1994,  several  soil  and  groundwater  investigations  have  been  conducted  at  Site 
SS-15A  by  OHM.  These  investigations  focused  on  characterizing  and  delineating 
dissolved  hydrocarbons  in  groundwater  and  residual  fuel  hydrocarbons  in  soils. 
Parsons  ES  conducted  a  limited  investigation  at  Site  SS-15A  during  October  1997  to 
collect  site-specific  data  relevant  to  quantifying  the  effects  of  natural  contaminant 
attenuation  processes  and  to  facilitate  development  and  implementation  of  a  risk-based 
remedial  action  for  Site  SS-15A.  Soil  gas,  soil,  and  groundwater  were  sampled  to: 

•  Further  delineate  the  extent  of  contamination  in  selected  areas; 

•  Assess  temporal  trends  in  soil  and  groundwater  contaminant  concentrations; 

•  Support  contaminant  fate  and  transport  analyses; 

•  Develop  appropriate  exposure-point  concentrations  to  compare  to  final 
remediation  goals;  and 

•  Evaluate  and  design  an  appropriate  remedial  alternative  for  the  site  (if  necessary). 

A  detailed  investigation  was  performed  at  the  north  end  of  Flightline  Apron  Line 
AP-26  (valve  box  1),  where  previous  investigation  results  indicated  relatively  high  soil 
and  groundwater  contaminant  concentrations.  Numerous  groundwater  monitoring  wells 
are  present  at  this  location,  facilitating  a  detailed  assessment  of  the  distribution  of 
dissolved  contaminants  and  pertinent  geochemical  analytes.  The  intent  of  the  detailed 
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investigation  was  to  enable  use  of  line  AP-26  as  a  microcosm  of  natural  attenuation 
mechanisms  occurring  at  the  overall  site.  Sampling  also  was  performed  at  other  fuel 
distribution  lines  where  elevated  contaminant  concentrations  in  soil  and/or  groundwater 
had  been  documented  in  order  to: 

.  Confirm  that  geochemical  conditions  are  sufficiently  homogenous  across  Site  SS- 
15 A  to  allow  extrapolation  of  the  results  of  the  detailed  analysis  performed  at  the 
AP-26  area  to  other  site  areas; 

•  Evaluate  temporal  trends  in  soil  contaminant  concentrations;  and 

•  Support  the  performance  of  a  bio  venting  pilot  test. 

To  the  extent  practicable,  data  collected  during  previous  investigations  were  used  to 
augment  this  study.  Emphasis  was  placed  on  collecting  data  documenting  the  natural 
biodegradation  and  attenuation  of  fuel  hydrocarbons  in  soils  and  groundwater  at  the 
site. 

The  October  1997  supplemental  site  characterization  activities  performed  by  Parsons 
ES  at  Site  SS-15A  are  briefly  described  in  the  remainder  of  this  section.  Most  site 
characterization  procedures  (i.e.,  soil,  soil  gas,  and  groundwater  sampling  procedures) 
are  described  in  detail  in  the  project  SAP  (Parsons  ES,  1997b). 

2.1  SCOPE  OF  DATA  COLLECTION  ACTIVITIES 

As  part  of  the  risk-based  remedial  approach  for  Site  SS-15A,  field  data  collection 

efforts  focused  on  investigating  specific  chemical  constituents  that  potentially  pose  a 

threat  to  human  health  or  the  environment.  The  chemicals  targeted  for  study  at  this  site 

were  identified  from  previous  site  investigations  and  the  chemical  composition  of  the 

primary  contaminant  source  (i.e.,  release(s)  of  JP-4  jet  fuel  from  the  former 

fueling/defueling  system).  The  petroleum  hydrocarbon  chemicals  identified  and 

addressed  as  part  of  this  study  include  benzene,  toluene,  ethylbenzene,  and  xylenes 
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(BTEX);  polynuclear  aromatic  hydrocarbons  (PAHs);  and  methyl  tert  butyl  ether 
(MTBE).  Selected  samples  also  were  analyzed  for  total  recoverable  petroleum 
hydrocarbons  (TRPH).  These  analytes  were  targeted  based  on  previous  site  assessment 
results  and  FDEP  (1997)  analytical  requirements  for  petroleum  UST  sites. 

Generally,  laboratory  analytical  methods  used  during  previous  sampling  events  (e.g., 
quarterly  groundwater  monitoring  events)  were  used  during  the  risk-based  field 
investigation.  The  only  exception  was  the  use  of  US  Environmental  Protection  Agency 
(USEPA)  Method  SW8310  instead  of  SW8270  for  the  analyses  of  PAHs,  because 
Method  SW8270  reporting  limits  for  some  PAHs  exceed  generic  FDEP  TCLs.  Soil 
and  groundwater  samples  were  analyzed  by  Quanterra,  Inc.  of  Arvada,  Colorado; 
Austin,  Texas;  and  Tampa  Florida.  Soil  gas  samples  were  analyzed  by  Air  Toxics, 
Ltd.  of  Folsom,  California.  Field  analyses  and  measurements  were  performed  for 
various  inorganic,  geochemical,  and  physical  parameters  to  document  natural 
biodegradation  processes  and  to  assess  the  potential  effectiveness  of  low-cost  source 
reduction  technologies. 

The  risk-based  investigation  for  Site  SS-15A  was  conducted  according  to  the 
methodologies  presented  in  the  Draft  Work  Plan  For  the  Risk-Based  Remediation  of  Site 
SS-15A  (Parsons  ES,  1997),  hereafter  referred  to  as  the  work  plan.  The  work  plan  was 
developed  according  to  available  guidelines  and  minimum  requirements  to  support  site 
closure  under  one  of  several  scenarios  (FDEP,  1997),  including: 

•  No-Further- Action-  (NFA)  Proposal  Without  Conditions, 

•  NFA  Proposal  With  Conditions,  or 

•  Monitoring-Only  Proposal  for  Natural  Attenuation. 

The  following  sampling  and  testing  activities  were  performed  by  Parsons  ES  during 

October  1997  at  Site  SS-15A  as  part  of  this  investigation: 
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•  Drilling  8  soil  borings  along  fuel  lines  AP-15,  API 8,  AP-20,  and  AP-26; 

.  Collection  of  10  subsurface  soil  samples  for  fixed-base  laboratory  analysis  from 
the  eight  boreholes; 

.  Installation  of  one  air-injection  vent  well  (VW)  and  two  vapor  monitoring  points 
(VMPs)  at  AP-18; 

.  Collection  of  groundwater  samples  from  23  existing  groundwater  monitoring 
wells  along  AP-10,  AP-11,  AP-17,  AP-22,  and  AP-26; 

•  Collection  and  field  screening  of  soil  gas  samples  from  15  locations  along  AP-18 
and  AP-26; 

.  Collection  of  four  soil  gas  samples  for  laboratory  analysis  from  existing 
groundwater  monitoring  wells  (with  screens  extending  above  the  saturated  zone) 
along  AP-18  and  AP-26;  and 

•  Conducting  a  bioventing  treatability  pilot  test  at  AP-18,  including  an  air 
permeability  test  and  in  situ  biorespiration  tests. 

Analytical  method  detection  limit  (MDL)  requirements  were  considered  before  site 
characterization  work  was  initiated  under  the  risk-based  remediation  investigation. 
Suitable  analytical  methods  and  quality  control  (QC)  procedures  were  selected  (Parsons 
ES,  1997b)  to  ensure  that  the  data  collected  under  this  program  are  of  sufficient  quality 
to  be  used  in  a  quantitative  risk  assessment. 

Table  2.1  summarizes  the  methods  used  to  analyze  the  environmental  samples 

collected  under  this  program.  This  table  also  lists  the  laboratory-specified  MDLs  and 

practical  quantitation  limits  (PQLs)  for  each  analytical  method  by  analyte  and 

environmental  sample  matrix.  The  MDL  is  the  lowest  concentration  at  which  a 

particular  chemical  can  be  measured  and  distinguished  with  99-percent  confidence  from 
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TABLE  2.1 

ANALYTE  REPORTING  LIMITS 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 


Analyte 

Analytical 

Method 

Field  or 

Fixed-Base 

EEHMI 

WBSM 

SOIL  GAS 

Benzene 

T03 

Fixed-Base 

0.052-0.1 

ppmv  d 

Toluene 

T03 

Fixed-Base 

0.052-0.1 

ppmv 

Ethylbenzene 

T03 

Fixed-Base 

0.052-0.1 

ppmv 

Xylene  (Total) 

T03 

Fixed-Base 

0.052-0.1 

ppmv 

TPH  *  (C5+  Hydrocarbons) 

T03 

Fixed-Base 

0.52-1.0 

ppmv 

C2-C4  Hydrocarbons 

T03 

Fixed-Base 

0.52-1.0 

ppmv 

SOIL  AND  GROUNDWATER 

TRPH'' 

FL-PRO 

Fixed-Base 

9 

10 

mg/kg  v 

0.19 

0.5 

mg/L  ^ 

Benzene 

SW8020A 

Fixed-Base 

0.5 

5 

/»g/kgh' 

0.056 

2 

/xg/Ly 

Toluene 

SW8020A 

Fixed-Base 

1.24 

5 

Mg^g 

0.15 

2 

/ig/L 

Ethylbenzene 

SW8020A 

Fixed-Base 

0.5 

2 

Mg^g 

0.054 

2 

Mg/L 

Xylene  (Total) 

SW8020A 

Fixed-Base 

1.5 

5 

Mg^g 

0.15 

2 

/ig/L 

MTBE* 

SW8020A 

Fixed-Base 

1.5 

5 

/ig/kg 

0.01 

5 

/ig/L 

Chlorobenzene 

SW8020A 

Fixed-Base 

0.5 

2 

/ig/kg 

0.085 

2 

/ig/L 

1,2-Dichlorobenzene 

SW8020A 

Fixed-Base 

0.5 

4 

Mg/kg 

0.18 

4 

/ig/L 

1 ,3-Dichlorobenzene 

SW8020A 

Fixed-Base 

0.5 

4 

Mg/kg 

0.09 

4 

/ig/L 

1 ,4-Dichlorobenzene 

SW8020A 

Fixed-Base 

0.5 

3 

/ig/kg 

0.33 

4 

/ig/L 

Acenaphthene 

SW8310 

Fixed-Base 

0.036 

0.2 

mg/kg 

0.093 

1 

/ig/L 

Acenaphthylene 

SW8310 

Fixed-Base 

0.049 

0.2 

mg/kg 

0.04 

1 

/ig/L 

Anthracene 

SW8310 

Fixed-Base 

0.0026 

0.02 

mg/kg 

0.03 

0.1 

/ig/L 

Benzo(a)anthracene 

SW8310 

Fixed-Base 

0.0034 

0.02 

mg/kg 

0.06 

0.13 

Mg/L 

Benzo(a)pyrene 

SW8310 

Fixed-Base 

0.0022 

0.015 

mg/kg 

0.065 

0.23 

/ig/L 

Benzo(b)fluoranthene 

SW8310 

Fixed-Base 

0.0025 

0.012 

mg/kg 

0.059 

0.18 

/ig/L 

Benzo(g,h,i)peiylene 

SW8310 

Fixed-Base 

0.003 

0.05 

mg/kg 

0.071 

0.2 

/ig/L 

Benzo(k)fluoranthene 

SW8310 

Fixed-Base 

0.0035 

0.011 

mg/kg 

0.059 

0.17 

/ig/L 

Chrysene 

SW8310 

Fixed-Base 

0.002 

0.04 

mg/kg 

0.073 

0.2 

/ig/L 

Dibenz(a,h)anthracene 

SW8310 

Fixed-Base 

0.0034 

0.02 

mg/kg 

0.076 

0.3 

/tg/L 

Fluoranthene 

SW8310 

Fixed-Base 

0.0024 

0.04 

mg/kg 

0.036 

0.2 

Mg/L 

Fluorene 

SW8310 

Fixed-Base 

0.0064 

0.04 

mg/kg 

0.035 

0.2 

/ig/L 

lndeno(  1 ,2,3-cd)py  rene 

SW8310 

Fixed-Base 

0.003 

0.03 

mg/kg 

0.055 

0.43 

/ig/L 

Naphthalene 

SW8310 

Fixed-Base 

0.046 

0.2 

mg/kg 

0.059 

1 

/ig/L 

Phenanthrene 

SW8310 

Fixed-Base 

0.0055 

0.04 

mg/kg 

0.03 

0.2 

/ig/L 

Pyrene 

SW8310 

Fixed-Base 

0.0026 

0.04 

0.043 

0.2 

_ £2L L _ 

SOIL  ONLY 

Total  Organic  Carbon 

SW9060 

Fixed-Base 

0.055 

0.2 

% 

GROUNDWATER  ONLY 

Electrical  Conductivity 

DRMj/ 

Field 

0.02 

mmhos/cm  w 

Dissolved  Oxygen 

DRM 

Field 

0.5 

mg/L 

pH 

DRM 

Field 

0.1 

pH  Units 

Redox  Potential 

DRM 

Field 

20 

mv" 

Temperature 

DRM 

Field 

1 

°C 

Alkalinity  (as  CaC03) 

E310.1 

Fixed-Base 

0.69 

5 

mg/L 

Amonia 

CHEMetrics  1510 

Field 

0.1 

mg/L 

Carbon  Dioxide 

CHEMetrics  4500 

Field 

100 

mg/L 

Iron,  Ferrous 

Hach  8146 

Field 

0.024 

mg/L 

Manganese 

Hach  Manganese 

Field 

0.05 

mg/L 

Methane 

RSKSOP175 

Fixed-Base 

0.000052 

0.0005 

mg/L 

Nitrate 

E300 

Fixed-Base 

0.05 

0.5 

mg/L 

Nitrite 

E300 

Fixed-Base 

0.05 

0.5 

mg/L 

Nitrogen,  nitrate/nitrite 

053.2 

Fixed-Base 

0.016 

0.1 

mg/L 

Sulfate 

Hach  8051 

Field 

7 

mg/L 

Sulfide 

Hach  8131 

Field 

0.01 

_ _ 

21  MDL  “  Method  Detection  Limit 
b/ 

PQL=  Practical  Quantitation  Limit 
cl 

ppmv  =*  parts  per  million,  volume  per  volume 
**  TPH  “  Total  Petroleum  Hydrocarbon 
d  TRPH  «  Total  Recoverable  Petroleum  Hydrocarbons 
f/  mg/kg  =»  milligrams  per  kilogram 

o7 

mg/L  =  milligrams  per  liter 
W  Mg/kg  =  micrograms  per  kilogram 
17  /ig/L  =  micrograms  per  liter 

^  DRM  =  direct  reading  meter 
k/ 

mmhos/cm  *  millimhos  per  centimeter 
17  mv  =  millivolts 


2-5 


022/731 298/ I5.xls/Table  2.1 


the  normal  "noise"  of  an  analytical  instrument  or  method.  The  PQL  is  the  lowest  level 
at  which  a  chemical  can  be  accurately  and  reproducibly  quantitated.  Table  2.2 
summarizes  the  field  and  fixed-base  laboratory  analyses  performed  by  sampling 
location. 

2.2  SOIL  GAS  MEASUREMENTS 

Soil  gas  sampling  was  performed  at  Site  SS-15A  using  both  field  (semi-quantitative) 
and  fixed-base  laboratory  (quantitative)  analyses.  The  purpose  of  soil  gas  sampling  was 
to  assess  the  potential  risk  to  future  workers  at  the  site  from  inhalation  of  volatilized 
contaminants,  and  to  determine  whether  or  not  sufficient  oxygen  is  available  in  the  soil 
gas  to  sustain  aerobic  fuel  hydrocarbon  biodegradation.  If  oxygen  (O2)  concentrations 
are  significantly  lower  than  background  values,  and  carbon  dioxide  (CO2) 
concentrations  are  higher  than  background  levels,  then  the  occurrence  of  aerobic  fuel 
hydrocarbon  biodegradation  can  be  inferred.  In  addition,  the  oxygen  levels  allow  an 
assessment  of  whether  there  is  sufficient  oxygen  to  sustain  continuing  aerobic 
biodegradation  without  engineered  addition  of  oxygen  via  in  situ  bioventing. 

Soil  gas  samples  were  collected  at  the  15  locations  shown  on  Figure  2.1.  All  soil 
gas  samples  except  those  from  VW1,  AP26-MW76,  and  AP26-MW104  were  screened 
using  field  instruments  to  measure  O2,  CO2,  and  total  volatile  hydrocarbon  (TVH) 
concentrations.  Soil  gas  samples  from  four  locations  (AP18-MW41,  AP18-MW43, 
AP26-MW75,  and  AP26-MW114),  selected  based  on  field  screening  results,  were 
collected  in  SUMMA®  canisters  and  submitted  to  Air  Toxics,  Ltd.  in  Folsom, 
California  for  analysis  of  TVH  and  BTEX  using  USEPA  Method  TO-3.  All  samples 
were  field  screened  using  the  test  equipment  and  methods  specified  in  the  AFCEE 
protocol  documents  Test  Plan  and  Technical  Protocol  for  a  Field  Treatability  Test  for 
Bioventing  (Hinchee  et  al.,  1992)  and  Addendum  One  to  Test  Plan  and  Technical 
Protocol  for  a  Field  Treatability  Test  for  Bioventing:  Using  Soil  Gas  Surveys  to 
Determine  Bioventing  Feasibility  and  Natural  Attenuation  Potential  (Downey  and  Hall, 
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TABLE  2.2 

SAMPLE  ANALYSIS  BY  SAMPLING  LOCATION 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 
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T  UNDERGROUND  FUEL  UNE 

ENGINEERING  SCIENCEIINC. 

1 

Denver,  Colorado 

1994).  All  sample  handling  and  field  quality  assurance  (QA)/QC  procedures  for  soil 
gas  are  specified  in  Appendix  A  of  the  work  plan  (Parsons  ES,  1997b).  Analytical 
results  for  soil  gas  samples  are  summarized  in  Section  5. 

2.3  SUBSURFACE  SOIL  SAMPLING 

Soil  samples  were  collected  from  eight  soil  boreholes  to  obtain  soil  total  organic 
carbon  (TOC)  data  and  to  further  characterize  soil  contamination  at  selected  areas  at 
fuel  lines  AP-15,  AP-18,  AP-20,  and  AP-26,  where  previous  investigations  indicated 
relatively  high  soil  contaminant  concentrations  (Figure  2.2).  Soils  were  sampled  to 
facilitate  evaluation  of  the  potential  for  contaminant  partitioning  from  soil  into 
groundwater  and  soil  gas,  and  to  assess  the  magnitude  of  any  changes  in  contaminant 
concentrations  that  have  occurred  over  time.  Many  of  these  “soil”  samples  were 
collected  from  the  weathered  limestone  bedrock. 

Soil  samples  for  laboratory  or  field  analysis  were  collected  at  regular  intervals  from 
all  boreholes,  both  above  and  below  the  groundwater  surface.  A  total  of  10  soil 
samples  from  8  boreholes  were  submitted  for  fixed-base  laboratory  analysis.  Samples 
from  all  8  boreholes  were  described  for  lithology  and  field  screened  for  ionizable 
organic  vapors  using  a  TVH  meter.  With  the  exception  of  soil  borings  for  the  VW  and 
VMPs  (Figure  2.3),  soil  boreholes  were  located  within  approximately  3  feet  of 
previously-drilled  and  sampled  soil  boreholes  to  allow  assessment  of  the  potential 
temporal  variation  in  contaminant  concentrations. 

All  boreholes  were  drilled  using  a  truck-mounted  auger  rig.  Two  methods  were  used 
to  collect  subsurface  soil  samples,  based  on  the  sampling  location  and  analyses  to  be 
performed.  Soil  samples  from  all  locations  other  than  AP18-MPA  and  AP18-MPB 
were  collected  by  advancing  2.5-inch-diameter  split-spoon  sampling  barrels  to  total 
depth.  Hollow-stem  augers  were  not  used  to  advance  the  boreholes  prior  to  split-spoon 
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sampling  because  of  the  shallow  depths  of  the  boreholes  and  competent  nature  of  the 
weathered  bedrock.  Samples  from  MPA  and  MPB  were  obtained  by  collecting  soil 
cuttings  from  the  outside  of  the  augers  as  they  were  removed  from  the  respective 
borings.  These  cutting  samples  were  used  for  field  screening  purposes  only.  Split- 
spoon  barrels  lined  with  four  pre-cleaned,  6-inch-long  brass  sampling  tubes  were  used 
to  collect  the  soil  samples  that  were  submitted  to  the  fixed-base  laboratory  for  analysis. 
After  recovering  the  sample,  the  ends  of  the  brass  tubes  were  covered  with  Teflon® 
patches  and  capped,  and  the  tubes  were  labeled  prior  shipment  to  the  laboratory.  The 
sampling  tubes  were  used  to  preserve  the  integrity  of  the  soil  samples  and  to  minimize 
potential  losses  of  VOCs  that  can  occur  during  transfer  of  soil  to  jars. 

A  total  of  10  soil  samples  were  submitted  to  Quantera  Inc.  for  laboratory  analysis. 
Replicate  samples  were  not  collected  because  of  the  difficulty  obtaining  a  sufficient 
quantity  of  sample  from  individual  sampling  intervals.  One  trip  blank,  one  temperature 
blank,  and  one  decontamination  water  source  blank  were  collected  as  part  of  the  soil 
sampling  QC  program.  Table  2.2  presents  the  locations  and  depth  intervals  for  all  soil 
samples  collected  as  part  of  the  risk-based  remediation  study. 

All  boreholes  not  completed  as  a  VW  or  VMP  were  abandoned  by  filling  them  with 
bentonite  chips  from  the  bottom  of  the  borehole  to  approximately  1  foot  below  the 
pavement  surface.  The  remainder  of  each  borehole  was  sealed  with  10,000  pounds  per 
square-inch,  non-shrinking  grout  placed  to  match  the  existing  pavement  surface.  Soil 
borehole  logs  and  completion  diagrams  for  the  VW  and  VMPs  are  included  in 
Appendix  A.  The  borehole  logs  indicate  the  intervals  at  which  soil  samples  were 
collected  for  field  headspace  screening  and  laboratory  analyses.  Soil  analytical  results 
are  summarized  and  discussed  in  Sections  4  and  5. 
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2.4  VENT  WELL  AND  VAPOR  MONITORING  POINT  INSTALLATION 

One  VW  and  two  VMPs  were  installed  at  Flightline  Apron  line  AP-18  near  valve 
box  1  in  preparation  for  a  bioventing  pilot  test.  Details  of  VW  and  VMP  installation 
are  described  in  Section  8. 

2.5  GROUNDWATER  SAMPLING 

Groundwater  samples  were  collected  from  23  existing  monitoring  wells  at  Site  SS- 
15A  in  October  1997.  The  groundwater  sampling  locations  are  shown  on  Figure  2.3. 
Samples  collected  from  10  wells  in  the  apron  line  AP-26  area  were  analyzed  for  fuel- 
related  contaminants  and  for  various  inorganic  and  geochemical  indicators  to  evaluate 
natural  chemical  and  physical  attenuation  processes  that  are  occurring  at  the  site.  A 
total  of  13  additional  groundwater  samples  were  collected  from  wells  along  4  other  fuel 
lines  where  elevated  concentrations  of  dissolved  contaminants  have  been  detected  in  the 
past  (AP-10,  AP-11,  AP-17,  and  AP-22).  These  additional  groundwater  samples  were 
collected  primarily  to  confirm  that  geochemical  conditions  are  sufficiently 
homogeneous  across  Site  SS-15A  to  allow  the  results  of  the  focused  risk-based  analysis 
performed  for  the  AP-26  area  to  be  extrapolated  to  the  rest  of  the  site.  Field  and 
laboratory  analytical  data  collected  at  each  groundwater  sampling  location  are 
summarized  in  Table  2.2.  A  product  sheen  was  detected  in  well  MW-14  along  AP-11, 
but  was  of  insufficient  quantity  to  collect  a  sample  for  laboratory  analysis.  A 
measurable  thickness  of  mobile  LNAPL  has  been  encountered  only  one  time  in  one  well 
(a  thickness  of  0.01  foot  was  measured  in  well  AP20-MW50  during  October  1995). 

Groundwater  samples  were  collected  using  the  procedures  described  in  the  work 
plan  (Parsons  ES,  1997b).  One  duplicate  sample,  and  one  combination 
equipment/ambient  condition/decontamination  water  blank  were  collected  during  the 
groundwater  sampling  event.  Field  QC  samples  also  included  one  trip  blank  for  each 
cooler  of  samples  sent  to  the  laboratory  for  volatile  organic  compound  (VOC)  analysis. 

2-13 


022/731298/14.DOC 


BIOVENTING  PILOT 
LOCATION 


Field  and  laboratory  groundwater  analytical  results  are  discussed  in  Section  5  of  this 
report.  These  analytical  results  are  used  in  Section  6  to  evaluate  the  natural  physical, 
chemical,  and  biological  processes  that  are  affecting  the  contaminants  at  this  site. 

2.6  SOURCE-REDUCTION  FEASIBILITY  TESTING 

In  situ  bioventing  was  identified  as  a  potentially  appropriate  source  reduction 
technology  for  Site  SS-15A.  A  bioventing  pilot  test  was  performed  in  the  vicinity  of 
valve  box  1  on  apron  line  AP-18  in  October  1997  to  assess  the  feasibility  of  using 
shallow  in  situ  bioventing  to  add  oxygen  to  unsaturated,  fuel-contaminated  soils, 
thereby  promoting  in  situ  biodegradation.  Although  bioventing  pilot  testing  was 
recently  performed  at  adjacent  Site  SS-15B  (Parsons  ES,  1997a),  the  conditions  at  Site 
SS-15A  are  sufficiently  different  from  those  at  SS-15B  (thicker  vadose  zone  and  a 
continuous  pavement  cover  at  SS-15A)  to  warrant  additional  testing.  The  location  of  the 
bioventing  pilot  test  performed  at  Site  SS-15A  is  shown  on  Figure  2.3.  Installation  of 
bio  venting  pilot  test  wells,  testing  equipment  and  procedures,  and  bioventing  pilot  test 
results  are  discussed  in  Section  8  of  this  CAP. 

2.7  EQUIPMENT  DECONTAMINATION  PROCEDURES 

All  downhole  soil  sampling  tools  (e.g.,  split-spoon  samplers)  were  cleaned  prior  to 
collection  of  each  sample  with  a  clean  water/phosphate-ffee  detergent  mix  followed  by 
a  clean  water  rinse.  Hollow-stem  augers  were  used  only  to  ream  the  borings  for  the 
VW  and  VMPs.  Decontaminated  augers  were  used  for  each  of  the  VW  and  VMP 
boreholes,  and  the  bit  was  decontaminated  between  each  of  these  boreholes  using  the 
same  procedure  used  for  the  split-spoon  samplers  . 

New,  disposable  high-density  polyethylene  (HDPE)  and  Teflon®  tubing  was  used  to 
collect  the  groundwater  sample  from  each  well.  The  only  other  groundwater  sampling 
equipment  requiring  decontamination  was  the  water  level  indicator  probe.  The  probe 
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was  decontaminated  prior  to  each  use  with  a  clean  water/phosphate-free  detergent  mix 
followed  by  a  distilled  water  rinse. 

2.8  INVESTIGATION-DERIVED  WASTES  (IDW) 

Soil  cuttings  and  unused  soil  samples  were  collected  into  55-gallon,  US  Department 
of  Transportation  (DOT)-approved  drums  and  transported  to  a  drum  storage  area  near 
the  OHM  field  trailers.  Decontamination  and  purge  water  also  was  placed  into  55- 
gallon,  DOT-approved  drums  and  transported  to  the  same  storage  area.  All  drums 
were  labeled  with  the  contractor’s  name,  date,  contents,  and  sampling  location.  One 
composite  sample  for  each  medium  was  collected  from  the  waste  drums.  Both  samples 
were  submitted  to  the  laboratory  for  the  analyses  listed  in  the  OHM  (1996d)  Technical 
Memorandum  Soil  Disposal  Profile  Analytical  Project  Requirements.  As  directed  by 
AFCEE,  IDW  profiling  results  were  forwarded  to  OHM,  which  arranged  for  the  proper 
waste  disposal. 

2.9  ANALYTICAL  DATA  QUALITY  ASSESSMENT 
2.9.1  Procedures 

A  Level  III  validation  was  performed  on  the  October  1997  analytical  results  obtained 
from  the  fixed-base  laboratories.  The  validation  included  internal  data  checks  and 
application  of  data  qualifiers  to  the  analytical  results  based  on  adherence  to  method 
protocols  and  project-specific  QA/QC  control  limits.  Method  protocols  reviewed 
included: 

•  Analytical  holding  times, 

.  Method  blanks, 

•  Trip  blanks, 

•  Surrogate  spikes, 

2-16 


022/73 1298/14.DOC 


•  Matrix  spikes/matrix  spike  duplicates  (MS/MSDs), 

•  Laboratory  control  samples  (LCSs),  and 

•  Sample  temperatures  during  shipping  and  storage. 

A  Level  IV  validation,  including  an  evaluation  of  initial  calibrations,  continuing 
calibrations,  instrument  performance  criteria,  and  second-column  confirmations,  and  a 
review  of  analytical  raw  data  and  calculation  checks  was  performed  on  10  percent  of 
the  data. 

Data  qualifiers  were  applied  to  analytical  results  during  the  data  validation  process. 
All  data  were  validated  using  method  applicable  guidelines  and  in  accordance  with  the 
National  Functional  Guidelines  for  Organic  Data  Review  (USEPA  1994a)  and  the 
National  Functional  Guidelines  for  Inorganic  Data  Review  (USEPA  1994b).  The 
following  definitions  provide  explanations  of  the  USEPA  (1994a  and  1994b)  qualifiers 
assigned  to  analytical  results  during  data  validation.  The  data  qualifiers  described  were 
applied  to  both  inorganic  and  organic  results. 

U  -  The  analyte  was  not  present  above  the  reported  sample  quantitation  limit 
(SQL). 

J  -  The  analyte  was  positively  identified,  but  the  associated  numerical  value 
may  not  be  consistent  with  the  amount  actually  present  in  the 
environmental  sample.  The  data  should  be  considered  acceptable  as  a 
basis  for  decision-making. 

UJ  -  The  analyte  was  not  present  above  the  reported  SQL.  The  associated 

numerical  value  may  not  accurately  or  precisely  represent  the 

concentration  necessary  to  detect  the  analyte  in  the  sample. 
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J1  The  analyte  is  qualified  as  an  estimated  value  solely  because  it  is  greater 
than  the  MDL  and  less  than  the  PQL,  indicating  no  laboratory  quality 
issues. 


2.9.2  Results 

Data  quality  for  each  QC  parameter  where  exceptions  were  noted  during  the 
validation  is  summarized  in  this  section.  Only  results  that  exceeded  QA/QC  criteria  are 
presented.  All  frequency  requirements  for  field  sample  collection  of  QA/QC  samples 
(MS/MSDs  and  blanks)  were  met.  The  frequency  requirements  for  laboratory  specific 
method  criteria  QA/QC  also  were  met. 

2.9.2.1  Holding  Time 

Twenty-two  water  nitrate  (as  nitrogen  [N])  (Method  E300),  22  nitrite  (as  N) 
(Method  E300),  and  one  soil  aromatic  VOC  (Method  SW8020)  samples  were  qualified 
as  estimated  for  holding  time  exceedances.  To  assess  the  usability  of  the  nitrate/nitrite 
data,  eight  samples  were  recollected  and  analyzed  for  nitrate  plus  nitrite  (as  N)  within 
holding  time  using  Method  E353.2.  The  aromatic  VOC  sample  also  was  recollected 
and  reanalyzed  using  Method  SW8020. 

2.9.2.2  Blank  Contamination 

Blank  contamination  was  reported  at  concentrations  representative  of  normal 
laboratory  and  field  procedures  with  the  exception  of  the  method  blanks.  One  aromatic 
volatile  (Method  SW8020)  sample  reporting  limit  was  elevated  in  accordance  with  the 
validation  criteria  based  on  the  toluene  detection  in  the  blank.  The  blank  result  was 
detected  at  a  concentration  which  was  between  the  MDL  and  PQL.  Therefore,  the 
sample  reporting  limit  was  never  elevated  above  the  PQL,  and  sample  data  quality  was 
not  adversely  affected. 
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2.9.2.3  Conclusions 


All  sample  results  qualified  as  “U,  UJ,  J,  or  Jl”  are  usable  for  the  purposes 
intended.  Results  qualified  as  such  represent  an  association  to  non-compliant  QC 
criteria  which  has  caused  the  reported  concentration  to  be  estimated.  Project  data 
quality  objectives  do  not  exclude  the  use  of  estimated  concentrations. 

Analytical  accuracy  and  precision  were  within  control  limits  and  are  considered 
acceptable.  All  method-specific  criteria  were  within  control  limits  with  the  exception  of 
holding  time.  Critical  project  samples  that  failed  holding-time  criteria  were  resampled 
and  reanalyzed.  All  blank  contamination  was  at  concentrations  less  than  the  target 
PQL.  Because  PQLs  were  not  exceeded,  the  impact  of  blank  contamination  to  the 
project  is  minimal. 
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SECTION  3 


PHYSICAL  CHARACTERISTICS  OF  THE  STUDY  AREA 


This  section  describes  the  physical  characteristics  of  Site  SS-15A  and  adjacent 
environs  at  Homestead  AFB,  as  determined  from  data  collected  during  previous  site 
investigations  and  by  Parsons  ES  in  October  1997  as  part  of  the  risk-based  remediation 
field  investigation.  Information  presented  is  based  on  the  results  of  earlier  Base-wide 
and/or  site-specific  investigations  (Geraghty  &  Miller,  Inc.  1993;  OHM,  1995  through 
1997c).  A  summary  of  site  characterization  activities  completed  by  Parsons  ES  to 
supplement  existing  data  is  presented  in  Section  2  of  this  CAP. 

3.1  SITE  TOPOGRAPHY  AND  SURFACE  WATER  HYDROLOGY 

Site  SS-15A  and  the  surrounding  area  has  relatively  flat  topography,  with  elevations 
at  Site  SS-15A  ranging  from  approximately  6  to  8  feet  above  the  national  geodetic 
vertical  datum  (NGVD).  The  site  slopes  gently  toward  the  southeast.  Surface  runoff 
from  the  flightline  apron  area  flows  into  the  flightline  canal,  which  is  located 
approximately  265  feet  southeast  of  the  southeastern  edge  of  the  apron  area  and  is 
oriented  parallel  to  the  apron  and  runway  (Figure  3.1).  Surface  water  in  the  flightline 
canal  flows  northeast  into  Biscayne  Bay  via  other  canals. 

3.2  SITE  GEOLOGY  AND  HYDROGEOLOGY 

The  uppermost  geologic  strata  underlying  Site  SS-15A  consist  of  approximately  2  to 
3  feet  of  sand  and  limestone  fragments  overlying  limestone  bedrock  of  the  Miami  Oolite 
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Formation.  The  Miami  Oolite  consists  of  soft,  oolitic  limestone  interbedded  with  sandy 
limestone  and  thin  layers  of  hard  limestone.  Solution  features  and  pockets  of  silty  sand 
and  shell  fragments  are  common  (OHM,  1995a).  The  thickness  of  the  Miami  Oolite 
beneath  Homestead  AFB  ranges  from  15  to  20  feet.  The  Miami  Oolite  and  underlying 
Fort  Thompson  Formation  are  highly  permeable,  and  are  the  principal  components  of 
the  Biscayne  Aquifer  in  the  Homestead  AFB  area  (OHM,  1995a).  Native  surficial 
sands  at  the  site  are  covered  with  asphalt  or  concrete  pavement. 

Groundwater  beneath  the  site  occurs  in  the  Miami  Oolite,  and  the  water  table  surface 
generally  is  encountered  at  depths  between  5  and  6  feet  below  ground  surface  (bgs). 
Groundwater  surface  elevations  measured  in  October  1997  are  included  in  Appendix  A 
and  plotted  on  Figure  3.1.  With  local  exceptions,  groundwater  elevations  indicate  that, 
in  October  1997,  the  overall  groundwater  flow  direction  was  to  the  east  or  southeast, 
consistent  with  the  regional  southeasterly  flow  direction  identified  by  OHM  (1995a). 
However,  groundwater  elevations  measured  at  AP-26  in  October  1997  indicate  that  the 
local  flow  direction  may  be  toward  south  or  southwest  at  the  northwest  end  of  the  apron 
line.  In  the  remedial  investigation  (RI)  report,  OHM  (1995a)  notes  that  groundwater 
flow  directions  may  be  locally  variable  at  the  site.  The  irregular  groundwater  surface 
may  result  from  local  variations  in  recharge  and  discharge  such  as  may  be  caused  by 
the  presence  of  pavement  areas  with  higher-than-average  infiltration  rates  or  the 
presence  of  drainage  ditches.  The  hydraulic  gradient  beneath  the  site  is  very  flat, 
averaging  about  0.00009  foot  per  foot  (ft/ft)  (OHM,  1995a),  and  vary  depending  on  the 
location  and  time  at  which  water  levels  were  measured. 

The  hydraulic  conductivity  of  the  surficial  water-bearing  zone  at  Site  SS-15A  was 
estimated  during  previous  investigations  using  slug  test  data.  Hydraulic  conductivity 
values  determined  for  the  surficial  aquifer  range  from  6.5  to  98  feet  per  day  (fit/day). 
Using  the  average  horizontal  hydraulic  gradient  of  0.00009  ft/ft  and  an  estimated 


3-3 


022/73 1298/ 14.  DOC 


effective  porosity  of  20  percent,  the  horizontal  groundwater  flow  velocity  has  been 
calculated  to  be  0.014  ft/day  or  5.1  feet  per  year  (ft/yr)  (OHM,  1995a). 

3.3  CLIMATOLOGICAL  CHARACTERISTICS 

The  climate  of  south  Florida  is  subtropical  with  warm  summers  and  mild  winters. 
For  Miami,  the  average  daily  temperature  ranges  from  66°F  in  January  to  82°F  in  July 
(National  Oceanic  and  Atmospheric  Administration  [NOAA],  1973).  Based  on 
meteorological  data  compiled  by  Homestead  AFB  personnel  for  the  period  from 
January  through  November  1994,  the  average  annual  temperature  at  Homestead  AFB 
ranged  from  69°F  in  January  to  84°F  in  July  (OHM,  1995a).  The  recorded  high  and 
low  temperatures  for  this  time  period  ranged  from  95°F  on  June  10  to  48°F  on  March 
4. 


Rainfall  in  southern  Florida  occurs  in  distinct  cycles.  The  rainy  season  typically 
extends  from  May  through  October,  with  the  remaining  6  months  being  relatively  dry. 
The  average  annual  precipitation  is  approximately  58  inches.  The  highest  monthly 
precipitation  typically  occurs  in  September  (9.5  inches),  and  the  lowest  monthly 
precipitation  occurs  in  December  (1.7  inches)  (NOAA,  1973).  Much  of  the  annual 
precipitation  occurs  during  thunderstorms  in  the  months  of  July  through  September.  A 
total  of  65.4  inches  of  precipitation  was  recorded  at  Homestead  AFB  during  the  time 
period  referenced  above  (OHM,  1995a).  Approximately  62  percent  of  the  precipitation 
occurred  during  the  6-month  rainy  season  (May  through  October,  1994).  During  the 
highest  rainfall  event  in  the  above-referenced  1994  period,  12.8  inches  of  rainfall  was 
recorded  between  12  and  16  November,  during  Tropical  Storm  Gordon. 

3.4  LAND  USE 
3.4.1  Site  Access 

Site  SS-15A  is  located  adjacent  to  and  services  the  runway  at  Homestead  AFB.  The 
entire  extent  of  Site  SS-15A  is  within  the  fenced  Base  boundaries  (Figure  1.2).  The 
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Base  is  under  manned  guard  24  hours  per  day,  7  days  per  week.  The  site  is  located 
within  the  designated  flightline  area,  and  access  to  this  area  is  restricted.  Access  to  the 
FANG  area  (which  includes  portions  of  apron  lines  AP-26  through  AP-29)  is  further 
restricted  by  a  chainlink  fence  (Figure  3.1)  with  motion  detectors  and  armed  guards. 
Additionally,  the  site  is  capped  by  6  to  18  inches  of  asphalt  and  concrete  pavement, 
which  precludes  direct  exposure  of  onsite  receptors  (e.g.,  Base  personnel)  to  potentially 
impacted  soils  and  groundwater. 

3.4.2  Current  and  Proposed  Land  Use 

Portions  of  the  site  are  currently  used  by  FANG  and  the  Air  Force  Reserve 
Command  (OHM,  1995a).  Much  of  the  aircraft  apron  is  currently  inactive.  Based  on  a 
1993  Base  Realignment  and  Closure  (BRAC)  recommendation,  approximately  one-third 
of  the  Base  will  continue  to  be  used  for  FANG  or  Air  Force  Reserve  operations, 
including  the  area  containing  portions  of  apron  lines  AP-26  through  AP-29  in  the 
northeastern  corner  of  Site  SS-15A  and  AP-1  through  AP-3  in  the  southwestern  corner. 
Once  environmental  restoration  is  completed,  the  remainder  of  the  Base  will  be  leased 
and/or  sold.  The  Dade  County  Aviation  Department  is  expected  to  be  the  primary 
lessee  of  the  non-cantonment  portion  of  the  Base  (i.e.,  the  portion  that  will  not  be  used 
for  Air  Force  Reserve  operations)  (OHM,  1995a).  Areas  of  SS-15A  that  are  not  used 
by  the  FANG  or  the  Air  Force  Reserve  are  reportedly  designated  for  light  industrial 
use.  Figure  1.2  shows  the  location  of  Site  SS-15A  relative  to  Homestead  AFB  and 
indicates  adjacent  land  uses. 

The  downgradient  Base  boundary  is  approximately  2,000  feet  from  Site  SS-15A. 
Offsite  lands  adjacent  to  the  Base  to  the  east,  southeast,  and  west  are  used  primarily  for 
agricultural  purposes.  There  is  a  small  residential  area  southwest  of  the  Base,  and 
additional  residential  areas  to  the  north.  Unless  all  aviation  activities  at  the  Base  cease, 
it  is  highly  unlikely  that  Site  SS-15A  would  be  available  for  residential  use.  Therefore, 
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future  onsite  land  use  is  expected  to  remain  industrial  (e.g.,  associated  with  aviation 
support  activities). 

3.4.3  Water  Resources 

The  Biscayne  Aquifer  underlies  Homestead  AFB  and  all  of  Dade  County,  and  is  the 
sole  source  of  fresh  water  for  these  areas.  This  is  the  only  aquifer  system  potentially 
impacted  by  fuel  releases  at  Homestead  AFB. 

A  water  supply  well  survey  was  completed  as  part  of  the  1995  corrective  action 
report  (OHM,  1995a).  Active,  on-Base  potable  wells  are  located  8,000  feet  west- 
northwest  of  (upgradient  from)  the  flightline  apron,  and  wells  used  for  emergency 
backup  of  the  Base’s  normal  wellfield  are  located  4,500  feet  northwest  of  the  flightline 
apron,  but  are  currently  inactive.  No  public  water  supply  wells  are  located  within  a 
0.5-mile  radius  of  the  Base.  Three  non-potable  water  wells  are  located  southwest  of 
Site  SS-15A,  the  closest  of  which  is  approximately  5,000  feet  away  (Geraghty  & 
Miller,  Inc.  1993). 

3.5  POPULATION  DEMOGRAPHICS 

Site  SS-15A  is  located  entirely  within  a  controlled-access  portion  of  the  Base.  Base 
workers  include  civilians  and  Air  Force  and  FANG  personnel.  The  general  public  is 
excluded  from  Site  SS-15A. 

3.6  ECOLOGICAL  RESOURCES 

Although  numerous  plant  and  wildlife  species  are  known  to  occur  on  and  near 
Homestead  AFB,  Site  SS-15A  is  in  a  heavily  developed,  active  industrial  portion  of  the 
Base  that  is  covered  with  asphalt  and  concrete.  The  industrial  setting  and  operational 
activity  levels  in  the  immediate  vicinity,  coupled  with  a  lack  of  suitable  wildlife  habitat, 
essentially  preclude  the  presence  of  terrestrial  and  aquatic  wildlife  populations  at  the 
site. 
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The  Flightline  Canal,  which  is  part  of  the  Operable  Unit  9  (OU-9)  Boundary  Canal 
System,  is  located  within  the  adjacent  Site  SS-15B.  A  number  of  potential  ecological 
receptors  were  identified  for  the  Flightline  Canal  as  part  of  the  RI  for  OU-9 
(Woodward-Clyde  Consultants,  1995).  Although  the  Flightline  Canal  is  not  within  Site 
SS-15A,  the  potential  ecological  receptors  identified  for  OU-9  are  included  as  potential 
receptors  for  contamination  migrating  from  Site  SS-15A  because  of  the  proximity  of  the 
Flightline  Canal  to  the  Site.  Following  is  a  summary  of  potential  ecological  receptors 
and  exposure  media  identified  in  the  OU-9  RI  (Woodward-Clyde  Consultants,  1995): 


Exposed  Group  (potential  receptors) 

Aquatic  vegetation 

Benthos 

Fish  and  amphibians 

Birds 

Mammals 

Reptiles 

These  media  have  not  been  sampled  as 


Exposure  Medium 
Surface  water,  sediment 
Surface  water,  sediment 
Surface  water,  sediment,  aquatic  biota 
Surface  water,  sediment,  aquatic  biota 
Surface  water,  sediment,  aquatic  biota 
Surface  water,  sediment,  aquatic  biota 
of  the  Site  SS-15A  investigation. 


part 
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SECTION  4 


TIER  1  ANALYSIS  AND  IDENTIFICATION  OF  CHEMICALS  OF 

POTENTIAL  CONCERN 


This  section  provides  an  overview  of  the  regulatory  requirements  for  a  risk-based, 
tiered  approach  to  identification  of  COPCs,  and  reviews  the  preliminary  conceptual  site 
model  (CSM)  developed  for  Site  SS-15A  in  the  CAP  work  plan  (Parsons  ES,  1997b)  as 
a  means  of  selecting  appropriate  regulatory  screening  criteria  to  identify  COPCs  in 
affected  site  media  (i.e.,  chemicals  present  at  concentrations  that  could  pose  a  risk  to 
human  and/or  ecological  receptors  exposed  to  the  affected  media).  This  section  also 
presents  a  screening-level  Tier  1  analysis  used  to  select  the  COPCs  that  are  the  focus  of 
this  CAP.  The  COPCs  for  Site  SS-15A  are  identified  in  the  Tier  1  analysis  based  on 
estimated  risks  to  human  health  posed  by  maximum  detected  contaminant 
concentrations.  Conservative  land  use  and  exposure  assumptions  are  used  in  the  Tier  1 
screening  analysis  to  ensure  that  the  nature  and  extent  of  any  COPCs  that  could  pose  a 
risk  to  human  receptors  at  or  near  the  site  are  fully  described  (Section  5),  and  that  these 
chemicals  are  fully  evaluated  in  subsequent  analyses  through  quantitative  fate  and 
transport  and  receptor  exposure  evaluations  (Sections  6  and  7). 

4.1  REGULATORY  REVIEW  OF  THE  TIER  1  SCREENING  PROCESS 

As  an  initial  step  in  determining  the  necessity  for  remedial  action,  representative 

concentrations  of  site  contaminants  are  compared  to  the  NFA-Without-Conditions 

generic  TCLs  for  soil  and  groundwater  presented  in  Tables  IV  and  V  of  the  Petroleum 
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Contamination  Site  Cleanup  Criteria  (FDEP,  1997).  Contaminant  soil  concentrations 
must  be  below  the  Direct  Exposure  I  and  the  leachibility  target  levels  presented  in 
Table  IV  (based  on  applicable  groundwater  criteria  specified  in  62-770.680  (l)(c), 
FAC).  Concentrations  of  COPCs  in  groundwater  must  be  below  background 
concentrations  or  less  than  levels  presented  in  Table  V.  If  the  groundwater  is 
impacting,  or  may  impact,  surface  water,  the  TCLs  presented  for  surface  water  in 
Table  VI  also  applies. 

If  representative  concentrations  of  petroleum  contaminants  exceed  the  NFA-Without- 
Conditions  TCLs,  the  concentrations  are  then  compared  to  the  NFA-With-Conditions 
TCLs  presented  in  the  Rule.  Contaminant  soil  concentrations  must  be  less  than  the 
Direct-Exposure  II  levels  and  the  leachability  target  levels  presented  in  Table  IV  (based 
on  applicable  groundwater  criteria,  as  specified  in  62-770.680  (l)(c),  FAC). 
Concentrations  of  COPCs  in  groundwater  also  are  compared  to  the  same  criteria 
applicable  to  an  NFA  proposal. 

Maximum  dissolved  site  contaminant  concentrations  also  are  compared  to  the  Table 
IX  Natural  Attenuation  Source  Default  Values.  This  comparison  provides  an  initial 
assessment  of  the  potential  appropriateness  of  monitored  natural  attenuation  as  a 
remedial  alternative. 

Those  analytes  with  site  concentrations  that  exceed  the  appropriate  TCLs  for  soil  and 
groundwater  are  considered  to  be  COPCs,  and  are  retained  for  further  analysis 
concerning  the  risk-reduction  requirements  for  the  site.  The  nature  and  extent  of  these 
COPCs  are  described  more  fully  in  Section  5.  Quantitative  fate  and  transport  analyses 
and  site-specific  exposure  estimates  are  conducted  and  presented  in  Sections  6. 
Section  7  develops  site-specific  Tier  2  SSTLs  that  are  sufficient  to  protect  human  health 
and  the  environment  given  the  current  and  future  use  of  the  FANG  area  which  will 
remain  under  Air  Force  control  (i.e.,  industrial  use  only). 
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4.2  PRELIMINARY  CONCEPTUAL  SITE  MODEL  REVIEW 


Figure  4.1  presents  the  preliminary  CSM  developed  for  Site  SS-15A.  The  CSM  was 
developed  using  data  collected  during  all  relevant  site  investigations  and  is  based  on  a 
review  of  potential  receptors  and  feasible  exposure  scenarios.  The  purpose  of 
developing  a  CSM  is  to  guide  the  evaluation  of  available  site  information  and  to 
determine  potential  data  gaps,  including: 

•  Potential  contaminant  sources; 

•  Media  affected  by  contaminant  releases; 

•  Mechanisms  of  contaminant  release  (e.g.,  leaching  and  volatilization); 

•  Potential  human  and  ecological  receptors; 

•  Potential  receptor  exposure  points  based  on  conservative,  reasonable  land  use 
assumptions;  and 

•  Routes  of  possible  receptor  exposure  (e.g.,  inhalation,  ingestion,  or  dermal 
contact). 

Figure  4.1  was  developed  to  provide  an  outline  for  addressing  all  matrix-specific, 
current  and  future  exposure  scenarios  at  Site  SS-15A. 

4.2.1  Contamination  Source  Assessment 

Based  on  previous  site  investigations,  soil,  soil  gas,  and  groundwater  beneath  the 
flightline  apron  have  been  contaminated  with  petroleum  hydrocarbons  as  the  result  of 
past  spills  and  leaks  in  the  JP-4  fueling  system.  Soil  contamination  occurs  in  a  number 
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of  discrete  areas,  primarily  as  residual  light  nonaqueous-phase  liquid  (LNAPL)  in  the 
thin  vadose  (unsaturated)  zone  and  within  the  uppermost  portion  of  the  saturated  zone. 
The  absence  of  measurable  mobile  LNAPL  (free  product)  detections  at  the  site  indicate 
that  mobile  LNAPL  is  not  a  significant,  continuing  source  of  groundwater 
contamination.  PAHs  also  have  been  detected  in  soil  and  groundwater  at  Site  SS-15A. 
Naphthalenes  are  the  only  PAH  compounds  found  in  JP-4  fuel  (Reference).  PAHs  may 
have  leached  into  soil  and  groundwater  from  the  asphalt  pavement  covering  much  of  the 
site.  If  the  fuel  pipelines  are  coated  with  a  tar-like  substance,  then  exposure  of  the 
coating  to  JP-4  could  have  caused  leaching  of  the  high  molecular  weight  PAHs  into  the 
surrounding  soil  and  groundwater. 

Historical  groundwater  quality  data  suggest  that  concentrations  of  dissolved  fuel 
constituents  in  groundwater  are  decreasing,  indicating  that  the  contaminant  sources  also 
are  dwindling  due  to  the  effects  of  leaching,  volatilization,  and  biodegradation.  Rates 
of  contaminant  mass  reduction  are  evaluated  in  Section  6  to  determine  whether  or  not 
the  applicable  FDEP  (1997)  NFA  criteria  are  likely  to  be  achieved  within  5  years,  per 
Rule  62-770.690,  FAC. 

The  contaminant  release  mechanisms  considered  in  this  CAP  include  partitioning 
from  residual  LNAPL  into  groundwater  and  into  soil  gas,  possible  discharge  of 
contaminated  groundwater  into  surface  water  in  the  Flightline  Canal,  and  leaching  of 
PAHs  into  soils  and  groundwater.  This  approach  is  consistent  with  the  nature  of 
contamination  detected  at  the  site,  the  physical  characteristics  of  the  surrounding  area, 
and  the  physiochemical  properties  of  the  COPCs. 

4.2.2  Land  Use  and  Potential  Receptors 

Based  on  the  information  presented  in  Sections  3.4  through  3.6,  potential  current 
and  human  future  populations  that  could  be  exposed  to  contaminated  media  include 
onsite  non-intrusive  industrial  workers,  onsite  intrusive  industrial  workers,  and  offsite 
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recreators  and  trespassers  (via  contact  with  potentially  impacted  surface  water  in  the 
Flightline  Canal  at  Site  SS-15B).  The  only  contamination  at  Site  SS-15A  that  could 
impact  ecological  receptors  is  dissolved  contaminants  which  migrate  and  discharge  to 
the  flightline  canal;  based  on  available  groundwater  monitoring  data,  this  pathway  is 
currently  incomplete. 

4.2.3  Exposure  Pathways 

An  understanding  of  receptor  potential  exposure  pathways  is  important  in 
determining  how  potential  receptors  could  contact  contaminated  media  and  how  that 
contact  could  result  in  the  uptake  of  chemicals.  An  exposure  pathways  analysis  reviews 
the  contaminant  sources,  locations,  and  types  of  environmental  releases  in  relation  to 
population  locations  and  activity  patterns  to  determine  the  potentially  significant 
pathways  and  routes  of  receptor  exposure.  A  completed  exposure  pathway  consists  of 
four  necessary  elements: 

•  A  source  and  mechanism  of  chemical  release, 

•  An  environmental  transport  medium, 

•  A  point  of  potential  contact  with  a  receptor,  and 

•  A  feasible  route  of  exposure  at  the  exposure  point. 

If  one  or  more  of  these  elements  is  missing,  the  pathway  is  incomplete  and  there  is  no 
exposure  (and  therefore,  no  risk). 

The  concrete/asphalt  covering  limits  both  the  contaminant  transport  mechanisms  and 
the  potential  exposure  points  at  Site  SS-15A.  This  barrier  prevents  contact  with 
contaminated  soil  or  groundwater  by  current  onsite  personnel,  prevents  contact  between 
contaminated  media  and  surface  water  runoff,  reduces  the  potential  for  leaching,  and 
acts  as  a  barrier  to  migration  of  soil  or  soil  gas  contaminants  into  the  ambient 
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atmosphere.  There  are  currently  no  buildings  at  Site  SS-15A.  Therefore,  infiltration  of 
organic  vapors  into  structures  is  an  incomplete  pathway  for  current  receptors. 
However,  if  future  land  use  at  the  Base  involves  construction  of  buildings  at  the  site, 
then  this  pathway  could  potentially  become  completed. 

Site  hydrogeology  is  described  in  Section  3.2.  The  flat  hydraulic  gradient  indicates 
that  the  horizontal  groundwater  and  plume  migration  rate  should  be  slow,  reducing  the 
likelihood  that  site  contaminants  could  impact  surface  water  or  potable  water  wells  via 
groundwater  migration  and  discharge.  Based  on  the  information  presented  in  Section 
3.4.3,  migration  of  contaminated  groundwater  to  potable  drinking  water  sources  is 
considered  to  be  an  incomplete  pathway.  Based  on  available  groundwater  monitoring 
data,  contaminated  groundwater  is  not  currently  impacting  surface  water.  Site 
hydrogeologic  information  suggests  that  it  is  highly  unlikely  that  groundwater  will 
impact  surface  water  (i.e.,  the  Flightline  Canal)  in  the  future.  Modeling  to  assess  the 
potential  for  groundwater  to  impact  surface  water  is  performed  in  Section  6. 

Based  on  the  industrial  land  use  scenario  and  site-specific  contaminated  media 
information,  the  following  human  receptor  exposure  routes  may  potentially  be 
completed  and  were  evaluated  during  the  data  analysis  process: 

•  Dermal  contact  with  or  incidental  ingestion  of  contaminated  soil  by  future  onsite 
intrusive  workers  (e.g.,  during  future  excavation  activities); 

•  Dermal  contact  with  contaminated  groundwater  by  future  onsite  intrusive  workers 
(e.g.,  during  future  excavation  activities); 

•  Inhalation  of  volatilized  contaminants  by  future  onsite  intrusive  workers  (e.g., 
during  future  excavation  activities);  and 

•  Incidental  ingestion  of  and  dermal  contact  with  surface  water  by  future  offsite 
recreators  or  trespassers. 
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Available  information  indicates  that  none  of  these  pathways  currently  is  completed. 
Therefore,  only  potential  future  exposures  are  assessed. 

4.3  TIER  1  SCREENING  ANALYSIS 

It  is  the  intention  of  the  Air  Force  to  obtain  FDEP  approval  for  a  corrective  action 
for  Site  SS-15A  that  will  protect  potential  receptors  from  unacceptable  exposures  to 
site-related  chemicals.  To  accomplish  this  objective,  the  COPCs  that  drive  potential 
risks  and  impact  the  final  remedial  requirements  at  this  site  were  identified. 

FDEP  (1997)  Tier  1  TCLs  are  based  on  1)  analyte-specific  toxicity  data;  2)  an 
exposure-pathway-specific  cancer  target  risk  limit  of  10'6  (i.e.,  there  is  an  added 
lifetime  cancer  risk  for  people  near  the  site  of  1  additional  cancer  above  the  normal 
background  level  in  1  million  people,  expressed  as  10‘6  or  1  in  1  million)  and  a 
noncancer  hazard  quotient  less  than  or  equal  to  1;  and  3)  conservative  receptor 
exposure  assumptions. 

4.3.1  Tier  1  Screening  Analysis  for  Soil 

TCLs  for  direct  exposure  of  industrial  workers  (Direct  Exposure  II)  were  selected  as 
the  appropriate  set  of  Tier  1  screening  values  for  soil  at  Site  SS-15A.  The  FDEP 
(1997)  guidance  provides  industrial-scenario  TCLs  for  petroleum  constituents  in  soil 
that  incorporate  risks  posed  by  the  dermal  contact,  ingestion,  and  inhalation  exposure 
pathways.  Table  4.1  compares  the  maximum  site  concentrations  for  each  compound 
measured  in  soil  at  Site  SS-15A  during  the  1994  contamination  assessment  investigation 
(OHM,  1995a)  and  the  1997  risk-based  sampling  event  to  the  Direct-Exposure  II  TCLs. 
Based  on  these  comparisons,  TRPH,  benzo(a)anthracene,  benzo(a)pyrene,  and 
benzo(b)fluoranthene  are  identified  as  potential  COPCs  in  soil. 
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TABLE  4.1 

COMPARISON  OF  MAXIMUM  SITE  SOIL  CONCENTRATIONS 
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4.3. 1.1  Request  for  Waiver  to  Tier  1  TRPH  Target  Cleanup  Levels 

Based  on  the  precedent  set  for  adjacent  Site  SS-15B,  the  Air  Force  is  requesting  a 
waiver  to  the  Tier  I  TRPH  TCLs  for  Site  SS-15A.  The  TRPH  found  in  Site  SS-15A 
should  be  of  the  same  as  Site  SS-15B.  SS-15B  contains  the  jet  fuel  pumphouses  that 
feed  fuel  into  the  Site  SS-15A  fuel  distribution  lines.  The  Tier  1  Direct  Exposure  II 
TCL  for  TRPH  in  soil  (industrial  worker  exposure  scenario)  is  based  on  the  most 
conservative  and  health  protective  carbon  range  that  can  be  detected  by  the  FL-PRO 
analytical  method,  the  >  Cs  to  Cio  range.  To  assess  whether  the  Tier  1  TCL  was  an 
appropriate  cleanup  goal  for  the  adjacent  Site  SS-15B,  44  soil  samples  were  collected  at 
Site  SS-15B  in  October  1997  and  analyzed  TRPH  using  the  FL-PRO  method  (OHM, 
1997).  The  TRPH  concentrations  were  broken  down  by  the  analytical  laboratory  into 
five  carbon-group  classes,  including  Cs-Cio,  >Cio-Ci2,  >Ci2-Cie,  >Ci6-C2i,  and  >C2i. 
TRPH  concentrations  detected  in  11  of  the  44  Site  SS-15B  soil  samples  exceeded  the 
Direct  Exposure  II  TCL  of  2,500  mg/kg;  concentrations  in  these  11  samples  ranged 
from  2,800  mg/kg  to  7,600  mg/kg.  However,  total  concentrations  of  Cs-Cio 
hydrocarbons  in  these  1 1  samples  ranged  from  126  mg/kg  to  403  mg/kg,  and  did  not 
exceed  the  Direct  Exposure  II  TCL  .  The  analytical  results  indicate  that  Cs-Cio 
hydrocarbons  represented  4.1  percent  to  9.8  percent  of  the  TRPH.  The  low  percentage 
of  volatile,  low-molecular-weight  aromatics  present  in  the  fuel  is  confirmed  by  the  low 
magnitude  of  the  total  BTEX  concentrations,  which  constituted  less  than  0.1  percent  to 
0.5  percent  (average  0.3  percent)  of  the  TRPH  by  mass  .  Based  on  the  TRPH 
classification,  the  primary  TRPH  was  >Ci2-Ci<s,  which  have  relatively  low  toxicities 
(FDEP,  1997).  The  OHM  (1997)  report  concluded  that,  based  on  the  TRPH  carbon 
group  classification,  TRPH  did  not  appear  to  be  a  cleanup  driver  for  the  site. 

A  total  of  20  TRPH  concentrations  detected  in  soil  samples  at  Site  SS-15A  have 
exceeded  the  Tier  1  TCL  of  2,500  mg/kg.  With  the  exception  of  soil  from  AP8-SB6 
(TRPH  =  15,000  mg/kg),  TRPH  concentrations  detected  in  these  samples  (2,600 
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mg/kg  to  9,600  mg/kg)  are  similar  to  those  detected  in  the  Site  SS15B  samples. 
Although  the  TRPH  concentrations  determined  for  Site  SS-15A  in  March  1994  and 
October  1997  were  not  broken  down  by  carbon-group  classes,  very  low  total  BTEX 
concentrations  were  observed  relative  to  the  TRPH  concentrations.  This  indicates  that, 
similar  to  Site  SS-15B,  Cg-C10  hydrocarbons  in  Site  SS-15A  soils  are  also  insignificant. 
Total  BTEX  concentrations  in  Site  SS-15A  soil  samples  collected  in  1994  ranged  from 
less  than  0. 1  to  4.4  percent  of  the  TRPH  concentrations  by  mass  (average  0.6  percent). 

Four  soil  samples  collected  at  Site  SS-15A  in  October  1997  contained  detectable 
concentrations  of  TRPH  that  ranged  from  21  mg/kg  to  200  mg/kg.  The  maximum  total 
BTEX  concentration  detected  in  these  four  samples  was  0.0197  mg/kg,  which  is 
approximately  0. 1  percent  of  the  TRPH  concentration  detected  in  the  same  sample  (see 
Section  5).  The  1997  data  indicate  that  the  percentage  of  TRPH  consisting  of  low- 
molecular-weight,  volatile  compounds  (e.g.,  BTEX)  is  decreasing  over  time  at  Site  SS- 
15A  due  to  preferential  attenuation  (via  biodegradation  and  volatilization)  of  the  more 
volatile  compounds.  Based  on  the  detailed  analysis  of  TRPH  completed  at  Site  SS- 
15B,  and  the  supporting  results  at  Site  SS-15A,  the  Air  Force  does  not  consider  the 
Tier  1  TCL  of  2500  mg/kg  to  be  valid  indicator  of  risk  for  this  highly  weathered  jet 
fuel.  Specific  analysis  of  VOCs,  SVOCs,  and  PAHs  at  the  site  have  been  used  to  more 
accurately  identify  Tier  1  soil  chemicals  of  potential  concern. 

4.3.1.2  PAHs  Exceeding  Tier  1  Target  Cleanup  Levels 

Concentrations  of  the  PAHs  benzo(b)fluoranthene,  benzo(k)fluoranthene,  chrysene, 
indeno(l,2,3-cd)pyrene,  dibenzo(a,h)anthracene  and  benzo(b)fluoranthene  detected  in 
1994  were  not  reported  individually  in  the  contamination  assessment  report  (OHM, 
1995a).  Instead,  combined  concentrations  for  PAH  pairs  were  reported  (i.e., 
benzo(a)anthracene  +  chrysene,  dibenzo(a,h)anthracene  +  indeno(l,2,3-cd)pyrene, 
phenanthrene  +  anthracene,  and  benzo(b)anthracene  +  benzo(k)anthracene)  because 
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the  analytical  method  used  (USEPA  SW8100)  could  not  resolve  individual 
concentrations  of  these  analytes.  In  some  cases,  the  maximum  combined  concentration 
of  the  PAH  pair  detected  in  soils  was  less  than  the  Direct-Exposure  II  TCL  for  one  or 
both  individual  PAHs,  indicating  that  one  or  both  of  the  PAHs  should  not  be  considered 
a  COPC.  However,  the  maximum  combined  concentration  of  indeno(l,2,3-cd)pyrene 
+  dibenzo(a,h)anthracene  detected  in  1994  (18  micrograms  per  kilogram  [pg/kg] 
exceeded  the  Direct  Exposure  II  TCLs  for  these  compounds  (5.2  pg/kg  and  0.5  pg/kg, 
respectively);  therefore,  these  PAHs  were  not  eliminated  from  further  consideration. 
Similarly,  the  combined  concentration  of  benzo(b)fluoranthene  +  benzo(k)fluoranthene 
(37  pg/kg)  exceeded  the  Direct  Exposure  II  TCL  for  benzo(b)fluoranthene  (5  pg/kg). 
Because,  the  maximum  concentration  of  benzo(b)fluoranthene  detected  in  October  1997 
also  exceeded  the  TCL,  this  analyte  was  retained  as  a  COPC. 

The  October  1997  soil  quality  data  were  examined  to  assess  the  relative  frequency  of 
detection  of  indeno(l,2,3-cd)pyrene  and  dibenzo(a,h)anthracene  in  site  soils.  At  least 
one  of  the  two  compounds  were  detected  in  five  of  the  eight  samples  collected. 
Assuming  that  the  non-detected  compound  was  present  at  a  concentration  equal  to  one- 
half  the  MDL,  the  ratio  of  indeno(l,2,3-cd)pyrene  to  benzo(a,h)anthracene  in  the  five 
samples  ranged  from  22:1  to  335:1  and  averaged  167:1.  These  ratios  suggest  that 
indeno(l,2,3-cd)pyrene  is  substantially  more  abundant  in  petroleum-contaminated  site 
soils  than  dibenzo(a,h)anthracene,  and  that  dibenzo(a,h)anthracene  may  not  be  a  COPC 
in  soil  at  Site  SS-15A. 

The  maximum  soil  contaminant  concentrations  were  not  compared  to  the  teachability 
TCLs  presented  in  Table  IV  of  FDEP  (1997).  The  teachability  criteria  were  established 
to  ensure  that  teaching  of  residual  contamination  adsorbed  to  soil  particles  will  not 
result  in  significant  impairment  of  groundwater  quality.  At  Site  SS-15A,  the  vadose 
zone  is  thin  (approximately  5  feet  thick),  the  pavement  limits  percolation  of 
precipitation  through  site  soils,  and  groundwater  is  continually  or  seasonally  in  direct 
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contact  with  contaminated  soil,  minimizing  the  significance  of  downward  leaching  of 
contaminants  from  the  vadose  zone  to  the  water  table.  In  addition,  the  contamination 
has  been  present  for  more  than  30  years  (the  SS-15A  distribution  lines  have  not  been  in 
service  since  the  early  1960s),  and  the  impacts  of  site  contamination  on  groundwater 
quality  have  been  fully  demonstrated  by  the  results  of  several  years  of  groundwater 
monitoring.  The  gradual  desorption  of  residual  fuel  contaminants  from  the  soils  and 
dissolution  into  the  groundwater  is  significant  to  the  extent  that  the  contaminants  in 
soils  represent  a  continuing  source  of  groundwater  contamination.  The  length  of  time 
that  the  soil  contamination  will  continue  to  cause  dissolved  contaminant  concentrations 
to  exceed  Tier  1  TCLs  (Table  V  levels  in  Chapter  62-770)  is  addressed  in  Section  6. 

4.3.2  Tier  1  Screening  Analysis  for  Groundwater 

The  Tier  1  groundwater  TCLs  presented  by  the  FDEP  (1997)  and  used  in  this  CAP 
are  based  on  the  conservative  assumption  of  unrestricted  future  use  of  groundwater 
(e.g.,  use  as  a  drinking  water  source).  Comparisons  of  the  TCLs  for  unrestricted 
groundwater  use  to  maximum  concentrations  of  compounds  detected  in  groundwater 
samples  collected  between  December  1996  and  October  1997  are  presented  in  Table 
4.2.  Based  on  these  comparisons,  benzene,  ethylbenzene,  MTBE,  acenaphthene, 
benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene,  benzo(k)fluoranthene, 
naphthalene,  and  TRPH  are  identified  as  the  COPCs  in  site  groundwater.  It  should  be 
noted  that,  for  most  of  the  analytes,  the  concentrations  exceeding  Tier  1  TCLs  were 
limited  to  3  or  fewer  of  the  23  wells  sampled,  and  therefore  appear  to  be  localized 
occurrences  at  the  site. 

Maximum  dissolved  contaminant  concentrations  also  are  compared  to  Table  IX 
Natural  Attenuation  Source  Default  Values  in  Table  4.2.  During  the  period  from 
December  1996  to  October  1997,  only  naphthalene  and  TRPH  exceeded  their  default 
values  at  four  wells  (AP11-MW14,  AP17-MW40,  AP23-MW67,  and  AP26-MW75) 
and  one  well  (AP11-MW14),  respectively.  The  limited  number  of  default  value 
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TABLE  4.2 

COMPARISON  OF  MAXIMUM  SITE  GROUNDWATER  CONCENTRATIONS 


pQOL)  «000  OOOOOOOOOOOOOOO^O©  >H 


8888®8§i. 

— i  n  tj-  n  cn  N  r  , 


3  O  O  O  2  O 
'  N  N  M  ^  m 
^  <N 


o  o  o  o  Q:  o  o  o 
°  °  S  -V  S 

<N  (N  N  (S 


.  :  -T  -'-j 


o  co  cn o  o  o  o  o 


o  2  °  ^  ^  o  w 
r*  c4  ©  d  oi  <n  :■©.)! 


C4  O  O  cN  rv;  O  O 

V  •  OO  OO  .  3  rH  rH 

O  CN  (N  O  CN  •  C4  04 


:  ^  ti  l 

On  On  On  ^  :j 

o  o  o 

o  o  o  ^ 


r>-1  r- 

e- 

r- 

t-* 

r-  r-> 

OS  ;  On 

On 

O^CN 

On  |r;OS 

o  o 

■  o 

t> 

'i~Sl  e 

O 

o 

O;  O 

O 

O 

im 

CO  — i  NO 

#i§ 


r-  :'r<  vo  :  on  vo  co  :  oo  :  oo 

s  SSsSSSSi 

?:??!????? 

co  ;  co  vo  o  no  r--  •  t**.  r^  i 


&  «  £ 

rrv  ed  .1= 


52  <o  tj 
O  O  «s 


|J;m  ^  §  v|j^  §  £  S  § 


fpt|U  jT:g:p:§U;:SU  jjj  jjp' 

I  60  W)’  60  60  00  60  CO  60  60  60  60  60  60:  60  60  60  60  60  60;  60  60  ^ 
3  =u  3  i^vli  3  d.  3  3  3  3^3!  3  3  3  3  3  =  3  3  3  £ 


8'i 

§: 

•  g  gl  O 

g  g 

c 

o  *5  o 
PQ  W  ;H 


s'  S  g" 

g  :  O  g  : 


iP-Ji.g'  8  1 

:a  |  «  g  o' 
-  2  g  i  S  *5  S 

C  o  cj  c  S 

.i;S...<J;i<  <  .05. 


s 

2 

1 

1 
1-4  ) 

<u 

3 

ii 

2 

■s 

c 

rt 

i-t. 

o 

J= 

a 

2 

3 

3 

©• 

/^N 

JS 

d 

C3; 

- s 

J3 

3 

<D 

G 

<D 

CO 

<N 

3 

o 

3 

O 

3! 

O 

o 

3 

o 

8 

(D 

to 

"o 

a 

I 

ed 

o 

c 

8 

r~4 

g' 

a; 

<D 

a 

<D 

a> 

o 

a 

0) 

a- 

4>  -i 

fc* 

J3 

<0 

-O 

O 

d 

o 

3 

d) 

•a 

*». 

JA* 

« 

m 

u 

S 

E 

tin 

i5i  •§ 

I  I  a 


^  o  “ 

a  ui  2 

g  -2  > 

8  §  .2 
u  z  < 


4-14 


exceedences  suggests  that  natural  attenuation  is  an  appropriate  remedial  alternative  for 
site  groundwater. 

4.3.3  Tier  1  Screening  Analysis  for  Soil  Gas 

FDEP  (1997)  guidance  does  not  provide  TCLs  for  screening  soil  gas  concentrations 
or  for  directly  screening  ambient  air  values.  FDEP  guidance  accounts  for  the  potential 
for  volatilization  of  contaminants  from  soils  into  ambient  air  in  the  calculation  of  the 
Tier  1  TCLs  for  direct  contact  with  soil.  TRPH  was  the  only  volatile  COPC  detected 
above  Tier  1  TCLs  in  soil,  indicating  that  exposure  via  volatilization  from  soil  into 
ambient  air  will  not  present  appreciable  risks.  The  Tier  1  TCLs  do  not  account  for  the 
presence  of  the  concrete/asphalt  cover  at  the  site,  which  would  act  to  further  minimize 
the  potential  for  exposure  via  the  inhalation  pathway. 

As  a  secondary  means  of  assessing  the  potential  for  exposure  via  inhalation  of 
volatiles,  soil  gas  samples  collected  in  October  1997  were  analyzed  for  BTEX,  and 
maximum  detections  of  each  compound  were  compared  to  the  chemical-specific 
Occupational  Safety  and  Health  Administration  (NIOSH,  1997)  8-hour  time-weighted 
average  Permissible  Exposure  Limits  (PELs).  Table  4.3  presents  the  results  of  this 
comparison.  Xylene  was  detected  above  the  OSH  A  PEL  in  the  sample  collected  at 
MW-41.  However,  the  analytical  result  is  qualified  as  being  biased  due  to  matrix 
interference.  All  other  detections  of  xylene  were  below  the  PEL.  No  other  compounds 
were  detected  at  concentrations  above  the  PELs.  The  comparison  of  soil  gas  values  to 
ambient  air  PELs  is  weighted  averages,  whereas  the  maximum  detected  value 
represents  a  worse-case  scenario  at  a  localized  hotspot.  Subsurface  soil  gas 
concentrations  are  not  represent  of  potential  ambient  air  exposure  concentrations 
because  they  do  not  account  for  the  presence  of  the  asphalt/concrete  cover,  or  the 
dilution  which  would  occur  as  volatiles  moved  through  the  soil  column  and  into 
ambient  air.  Neither  are  subsurface  soil  gas  concentrations  representative  of  an 
exposure  concentration  for  onsite  intrusive  workers  engaged  in  excavation  activities 
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TABLE  4.3 

COMPARISON  OF  MAXIMUM  SITE  SOIL  GAS  CONCENTRATIONS 
TO  OSHA  PERMISSIBLE  EXPOSURE  LIMITS 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 


Chemical 

Maximum  Detected 
Concentration  (ppmv a/) 

OSHA 

PEL  (ppmv) b/ 

Maximum  Concentration 

Above  PEL? 

Benzene 

ND  d 

1 

No 

Toluene 

6SM* 

200 

No 

Ethylbenzene 

54M 

100 

No 

Xylenes 

240M 

1^0 

Yes 

TVH  d 

22,000 

_  it 

- 

ppmv  =  Parts  per  million,  volume  per  volume. 
b/  Occupational  Safety  and  Health  Administration  (NIOSH,  1997)  8-hour 
time-weighted  average  permissible  exposure  limit. 
d  ND  =  Not  detected  above  reporting  limits. 

d/  M  data  qualifier  indicates  potential  bias  due  to  matrix  interferences. 
d  TVH  =  Total  volatile  hydrocarbons. 
v  =  No  PEL  available. 
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because  they  do  not  account  for  the  volatilization  that  could  occur  during  excavation  of 
soils  or  for  the  dilution  of  soil  gas  concentrations  in  ambient  air.  Nonetheless,  if  future 
excavation  of  contaminated  soils  proves  to  be  necessary,  appropriate  air  monitoring  and 
personal  protective  equipment  should  be  required  to  ensure  that  construction  workers  in 
trenches  are  not  exposed  to  adverse  soil  gas  levels. 

Based  on  the  single  detection  of  xylene  above  the  OSHO  PEL,  the  highly 
conservative  nature  of  the  screen,  and  the  fact  that  no  detections  of  xylene  in  soil 
exceeded  the  Direct  Exposure  II  TCL  (which  incorporate  the  inhalation  pathway),  the 
inhalation  pathway  will  not  be  further  developed  in  this  report. 

4.3.4  Summary  of  Site  SS-15A  COPCs 

Table  4.4  summarizes  the  COPCs  identified  for  soil,  groundwater,  and  soil  gas  at 
Site  SS-15A.  Based  on  comparisons  of  the  maximum  soil  concentrations  to  FDEP 
(1997)  TCLs  for  ingestion,  dermal  exposure,  and  inhalation  (of  volatilized  compounds 
and  soil  particulates)  (Table  4.1),  benzo(a)anthracene,  benzo(a)pyrene,  and 
benzo(b)fluoranthene,  are  identified  as  site  COPCs  in  soil.  As  discussed  in  Section 
4.3. 1.1,  Tier  1  TRPH  target  cleanup  levels  are  not  appropriate  for  the  highly  weathered 
jet  fuel  residuals  which  remain  on  the  site.  Although  the  concentrations  of 
indeno(l,2,3-cd)pyrene  and  dibenzo(a,h)anthracene  detected  in  October  1997  did  not 
exceed  the  Tier  1  TCLs  for  these  compounds,  they  were  not  eliminated  from  further 
consideration  because  the  1994  soil  quality  analyses  did  not  resolve  individual 
concentrations  of  these  analytes. 

Based  on  comparisons  of  the  maximum  detected  site  chemical  concentrations  to  the 
Tier  1  TCLs  for  groundwater,  benzene,  ethylbenzene,  MTBE,  acenaphthene, 
benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene,  benzo(k)fluoranthene, 
naphthalene,  and  TRPH  are  identified  as  the  groundwater  COPCs  (Table  4.4). 
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SUMMARY  OF  CHEMICALS  OF  POTENTIAL  CONCERN 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 
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SECTION  5 


NATURE  AND  EXTENT  OF  CHEMICALS  OF  POTENTIAL 

CONCERN 


5.1  OVERVIEW 

This  section  summarizes  the  nature  and  extent  of  COPC  contamination  in  soil,  soil 
gas,  and  groundwater  at  Site  SS-15A.  Data  from  earlier  site  characterization  activities 
(OHM  1995a,  1995b,  1996a,  1996b,  1996c,  1997a,  1997b,  and  1997c)  and  the  1997 
risk-based  remediation  field  investigations  are  included  in  this  discussion.  Based  on  the 
OHM  data,  contamination  in  soil  and  groundwater  resulting  from  fuel  releases  at  valve 
boxes  and  leaks  in  the  distribution  piping,  occurs  in  a  number  of  isolated  areas  beneath 
the  Flightline  Apron.  Discussion  in  this  section  is  limited  to  those  chemicals  that  were 
identified  as  COPCs  based  on  the  Tier  1  screening  analysis  presented  in  Section  4.  The 
COPCs  are  listed  in  Table  4.4.  In  addition,  the  areal  extent  of  PAHs  that  are  possible 
COPCs  in  soil  [indeno-(l,2,3-cd)pyrene  and  dibenzo(a,h)anthracene]  is  presented  (see 
Section  4.3.1). 

5.2  SOURCES  OF  CONTAMINATION 

Subsurface  contamination  at  Site  SS-15A  is  the  result  of  leaking  underground  jet  fuel 
(JP-4)  distribution  pipelines  and  fueling/defueling  valve  boxes.  The  lines  were  installed 
beginning  in  1956,  were  removed  from  service  in  the  1960s,  and  were  abandoned  in 
place  in  early  1994  (OHM,  1995a).  The  FHS  piping  was  purged  of  fuel,  tested,  and 
grouted  (OHM  1995a).  Line  AP-4  was  left  open  for  possible  future  use.  The  quantity 
of  fuel  released  from  the  FHS  has  not  been  determined. 
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According  to  (reference),  the  only  PAH  compounds  in  JP-4  are  naphthalenes. 
Therefore,  the  higher  molecular  weight  CO  PCs  detected  in  groundwater  (e.g., 
benzo(a)pyrene,  benzo(a)anthracene,  benzo(b)fluoranthene)  may  have  a  different  source 
than  the  naphthalenes  and  aromatic  VOCs.  If  the  fuel  pipelines  are  coated  with  a  tar¬ 
like  substance,  then  exposure  of  the  tar  coating  to  JP-4  could  have  caused  leaching  of 
the  higher  molecular  weight  PAHs  into  the  surrounding  soil  and  groundwater. 
Alternatively,  low  levels  of  PAHs  may  have  leached  into  soil  and  groundwater  from  the 
asphalt  pavement  covering  much  of  the  site. 

5.3  SOIL  GAS  SAMPLING  RESULTS 

Soil  gas  samples  were  collected  at  Site  SS-15A  to  facilitate  assessment  of  the 
potential  risk  to  future  workers  at  the  site  from  inhalation  of  VOCs,  and  to  determine 
whether  or  not  sufficient  02  is  available  in  the  soil  gas  to  sustain  aerobic  fuel 
hydrocarbon  biodegradation.  Nine  soil  gas  samples  were  collected  from  the  AP-26 
area,  which  was  the  focus  of  the  risk-based  field  investigation,  and  six  samples  were 
collected  from  the  northern  end  of  AP-18,  which  had  high  soil  VOC  results  (maximum 
of  176  mg/kg)  during  the  1994  investigation  (OHM,  1995_).  The  samples  were 
analyzed  in  the  field  for  concentrations  of  02,  C02,  and  TVH,  and  four  soil  gas 
samples  from  locations  that  exhibited  relatively  elevated  TVH  levels  also  were 
submitted  to  Quanterra,  Inc.  for  analysis  of  BTEX  and  TVH  (referenced  to  jet  fuel). 

Field  and  laboratory  analytical  results  for  1997  soil  gas  samples  are  summarized  in 
Table  5.1.  Comparison  of  maximum  soil  gas  BTEX  concentrations  to  OSHA  8-hour 
time-weighted  average  PELs  (Table  4.3)  indicated  that  xylenes  at  AP18-MW41  pose  a 
potential  inhalation  risk  to  future  intrusive  workers.  This  is  the  same  location  where 
significantly  elevated  total  VOC  concentrations  were  detected  in  soil  in  1994.  The  field 
screening  data  indicate  that  soil  gas  02  levels  in  areas  of  fuel-contaminated  soils  have 
been  depleted  due  to  microbial  respiration  during  aerobic  biodegradation  of  the  fuel 
compounds.  Concentrations  of  C02,  which  is  a  metabolic  byproduct  of  biodegradation 
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TABLE  5.1 

FIELD  AND  LABORATORY  ANALYTICAL  RESULTS  FOR  SOIL  GAS 

OCTOBER  1997 

RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 


Field  Screening  Data  Laboratory  Analytical  Data37 


Sample  Carbon  Ethyl- 


Sample 

Location 

Depth 
(ft  bgs)b/ 

Oxygen 

(percent) 

Dioxide 

(percent) 

TVH 

(ppmv)c/ 

TVH 

(ppmv) 

Benzene 

(ppmv) 

Toluene 

(ppmv) 

benzene 

(ppmv) 

Xylenes 

(ppmv) 

AP-18 

VW-1 

2.5-5. 3 

NA1" 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

MPA 

4.04.5 

0.0 

16.8 

>  20,000 

NA 

NA 

NA 

NA 

NA 

MPB 

4.04.5 

0.0 

16.0 

1,900 

NA 

NA 

NA 

NA 

NA 

MW-41 

3.25-5.3 

0.0 

13.5 

9,200 

22,000 

<le/ 

65Mf/ 

54M 

240M 

MW-42 

3.25-5.3 

0.0 

16.3 

680 

NA 

NA 

NA 

NA 

NA 

MW-43 

3.25-5.3 

0.0 

16.0 

840 

1,500 

<0.052 

4.7M 

2.7 

24M 

AP-26 

MW-75 

3.0-5. 3 

0.0 

17.8 

5,600 

7,300 

<0.54 

25M 

30M 

84 

MW-76 

2.5-5. 3 

WATER*7 

NA 

NA 

NA 

NA 

NA 

MW-77 

2.5-5. 3 

0.0 

15.5 

3,600 

NA 

NA 

NA 

NA 

NA 

MW-104 

2.5-5. 3 

WATER 

NA 

NA 

NA 

NA 

NA 

3.0-5. 3 

19.0 

1.5 

72 

NA 

NA 

NA 

NA 

NA 

MM  13 

3. 0-5. 3 

5.0 

8.5 

3,800 

NA 

NA 

NA 

NA 

NA 

MW-114 

3. 0-5. 3 

0.0 

8.2 

>20,000 

8,900 

<0.27 

24 

31M 

95 

MW-115 

3.5-5. 3 

13.5 

6.0 

440 

NA 

NA 

NA 

NA 

NA 

MW-116 

3. 0-5. 3 

0.0 

8.2 

600 

NA 

NA 

NA 

NA 

NA 

^  Laboratory  analysis  of  soil  gas  performed  using  USEPA  Method  TO-3.  C5+  hydrocarbons  referenced  to  jet  fuel  (MW  = 

156); 

C2-C4  hydrocarbons  referenced  to  propane  (MW =44). 
b/  ft  bgs  =  feet  below  ground  surface. 

c/  TVH  =  total  volatile  hydrocarbons;  ppmv  =  parts  per  million,  volume  per  volume. 
d/  NA  =  Sample  not  analyzed. 

e/  <  =  compound  analyzed  for,  but  not  detected.  Number  shown  represents  the  laboratory  method  detection  limit. 
f/  M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
g/  Unable  to  collect  soil  gas  sample  due  to  saturated  condtions. 
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reactions,  are  correspondingly  elevated.  These  data  indicate  that  the  addition  of  oxygen 
to  contaminated  soils  (e.g.,  bioventing)  would  be  effective  in  reducing  the  source  of 
dissolved  groundwater  contamination.  The  soil  gas  analytical  results  are  discussed 
further  in  Section  7  of  this  CAP. 

5.4  SOIL  SAMPLING  RESULTS 

Soil  sampling  was  performed  at  Site  SS-15A  during  1994  (OHM,  1995a)  and  as  part 
of  the  recent  risk-based  investigation.  In  1994,  OHM  drilled  232  soil  boreholes  along 
and  between  the  fuel  distribution  lines  located  beneath  the  Flightline  Apron  to  identify 
potential  “hotspots”  of  fuel  contamination.  Parsons  ES  drilled  and  sampled  an 
additional  8  soil  boreholes  along  Apron  Lines  AP-15,  AP-18,  AP-20,  and  AP-26  in 
October  1997.  Soil  samples  at  Site  SS-15A  have  been  analyzed  for  TRPH,  aromatic 
VOCs  including  BTEX  and  MTBE,  and  PAHs.  The  compounds  initially  identified  as 
soil  COPCs  as  a  result  of  the  Tier  1  analysis  include  benzo(a)anthracene, 
benzo(a)pyrene,  benzo(b)fluoranthene,  and  TRPH.  As  discussed  in  Section  4.3. 1.1, 
Tier  1  TRPH  criteria  were  not  deemed  appropriate  for  this  highly  weathered  fuel 
residual.  Soil  quality  data  obtained  for  this  risk-based  project  in  October  1997  are 
summarized  in  Tables  5.2  and  5.3,  and  1994  data  are  presented  in  Appendix  A. 

Available  soil  analytical  data  indicate  that  soil  COPCs  are  generally  confined  to 
isolated  areas  of  shallow  soils  at  depths  less  than  5  to  7  feet  bgs.  Soil  COPCs  with 
maximum  concentrations  exceeding  Tier  1  screening  levels  are  listed  in  Table  4.4,  and 
Figure  5.1  presents  the  concentrations  and  distribution  of  COPCs  exceeding  the  Tier  1 
screening  levels.  The  Tier  1  (Direct  Exposure  II)  TCL  of  0.5  mg/kg  for 
benzo(a)pyrene  was  exceeded  in  21  samples  (maximum  concentration  of  16  mg/kg  at 
location  AP20-SB6)  in  1994  and  in  4  samples  (maximum  concentration  of  7.4  mg/kg  at 
location  AP26-SB1-5)  in  1997.  Benzo(a)anthracene  and  benzo(b)fluoranthene 
concentrations  (maximum  concentrations  of  11  mg/kg  and  7.4  mg/kg,  respectively  at 
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TABLE  5.3 

POLYNUCLEAR  AROMATIC  HYDROCARBONS  IN  SOIL  (OCTOBER  1997) 
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location  AP26-SB1-5)  exceeded  their  respective  screening  levels  of  5.1  mg/kg  and  5 
mg/kg  at  only  one  location  in  1997. 

The  degree  to  which  benzo(a)anthracene,  benzo(b)fluoranthene,  indeno(l,2,3- 
cd)pyrene,  and  dibenzo(a,h)anthracene  exceeded  their  respective  soil  screening  levels  in 
1994  is  not  known  because  the  analytical  method  used  (SW8100)  could  not  resolve 
individual  concentrations  of  these  analytes.  Combined  concentrations  for  PAH  pairs 
that  exceeded  the  individual  Tier  1  (Direct  Exposure  II)  TCL  for  one  or  both  of  the 
individual  PAHs  also  are  shown  on  Figure  5.1.  The  long-term  impacts  of  soil 
contamination  on  underlying  groundwater  at  this  site,  accounting  for  site-specific 
conditions,  are  considered  in  Section  6. 

5.5  GROUNDWATER  SAMPLING  RESULTS 

This  subsection  summarizes  the  results  of  groundwater  sampling  events  conducted 
during  previous  site  investigations,  quarterly  MO  events,  and  the  1997  focused  field 
investigation  performed  in  support  of  risk-based  remediation  of  Site  SS-15A.  The 
analytes  identified  as  groundwater  COPCs  based  on  the  Tier  1  screening  are  benzene, 
ethylbenzene,  MTBE,  acenaphthene,  benzo(a)anthracene,  benzo(a)pyrene, 
benzo(b)fluoranthene,  benzo(k)fluoranthene,  naphthalene,  and  TRPH.  Groundwater 
quality  data  obtained  by  Parsons  ES  in  1997  is  summarized  in  Tables  5.4  and  5.5,  and 
all  available  analytical  results  for  groundwater  samples  obtained  by  OHM  since  1994 
are  presented  in  Appendix  A. 

Similar  to  the  distribution  of  soil  contamination,  groundwater  contamination  occurs 
in  a  number  of  isolated  locations  beneath  the  Flightline  Apron,  likely  due  in  part  to  the 
flat  groundwater  gradient  and  estimated  low  flow  rate  (see  Section  3.2).  Areas  with 
groundwater  contamination  roughly  coincide  with  the  source  areas  characterized  by 
contaminated  soils;  therefore,  significant  migration  of  dissolved  contaminant  plumes 


5-8 


022/73 1298/14.DOC 


VOLATILE  ORGANICS  AND  TRPH  IN  GROUNDWATER 

OCTOBER  1997 

RISKED-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 


5  > 

X 


If 


Hi 


4)  O 


S 

2  bU 


£ 


ts 

52  t 

it 

2  * 


j.  g  2s 

1 1  t 

w  I  3 


I  <u 

o  c: 

O  N 

CJ  ^ 


e  ^ 

it 


CQ 


O  4> 

4  O  g 

-I  s 

Q 


1  g 
sJS 


D 

D 

X 

D 

D 

oo 

X 

X 

X 

X 

oo 

vn 

00 

oo 

oo 

oo 

VO 

oo 

VO 

00 

VO 

00 

o 

d 

d 

d 

d 

d 

d 

o 

d 

o 

•— > 

f  1 

X 

J 

J 

>— j 

* 

J 

mJ 

X 

1 

1 

00 

r* 

o 

« 

V 

2 

V 

2 

V 

2 

V 

VO 

CN 

2 

V 

2 

V 

2 

V 

2 

V 

o 

o 

X 

D 

D 

D 

D 

D 

* 

♦ 

D 

X 

D 

X 

CN 

CN 

cn 

(N 

CN 

CN 

CN 

CN 

X 

CN 

CN 

CN 

CN 

ob  | 

X 

O 

o 

»— » 

X 

D 

D 

D 

* 

2> 

X 

X 

oo 

n- 

-5- 

00 

r- 

d 

CN 

CN 

CN 

CN 

CN 

X 

CN 

CN 

CN 

CN 

o 

35 

350 

5  U 

D 

oo 

X 

00 

D 

oo 

D 

wo 

D 

oo 

X 

00 

CN 

5  U 

D 

oo 

D 

oo 

D 

00 

o 

§ 

X 

X 

D 

D 

3> 

X 

* 

* 

D 

X 

D 

D 

co 

co 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

CN 

} 

j 

D 

D 

D 

D 

D 

*— » 

< 

X 

X 

X 

X 

cn 

cn 

CN 

CN 

CN 

CN 

2 

CN 

CN 

CN 

CN 

- 

o 

o 

D 

CN 

2  U 

X 

CN 

D 

CN 

2  U 

1.4  J1 

* 

* 

oo 

2  U 

X 

CN 

D 

CN 

D 

CN 

| 

1 

3> 

X 

D 

D 

D 

X 

< 

X 

D 

X 

X 

co 

co 

CO 

CO 

o0 

fTi 

2 

m 

CO 

CO 

CO 

j 

I 

D 

D 

D 

D 

D 

D 

< 

X 

D 

D 

D 

rf 

■'* 

Tf 

Tp 

2 

N- 

r* 

Tt 

f 

1 

& 

X 

X 

D 

D 

D 

X 

< 

D 

D 

X 

D 

* 

tj- 

Tf 

2 

N- 

TT 

r-> 

r- 

r- 

r- 

r- 

t" 

r- 

C- 

r- 

c- 

OV 

pv 

PS 

Ov 

Ov 

ON 

K 

S 

r- 

r- 

VO 

VO 

CO 

00 

Ov 

oo 

Q 

CN 

c 

CN 

CN 

C! 

CJ 

CN 

CN 

Q 

CN 

CJ 

o 

o 

o 

O 

o 

o 

O 

O 

O 

O 

o 

*— 

—* 

x 

a 

e 

1 

CN 

u 

X 

*,5 

o 

o 

i-H 

oo 

VO 

o 

s 

1 

r- 

H 

ss 

2 

O 

H 

< 

2 

u 

o 

X 

_a> 

c 

i 

£ 

1 

i 

1 

1 

'T 

r-* 

> 

i 

c4 

s 

2 

s 

s 

2 

2 

2 

2 

s 

s 

S 

CL 

CL 

"2. 

o 

o 

o 

_■ 

r— 

CN 

VO 

CN 

VO 

w 

W 

£ 

2 

1 

T 

*7 

■ 

CN 

CN 

Q 

Q 

04 

2 

CL 

cu 

CL 

Cl 

Cl 

CL 

% 

CL 

CL 

CL 

O, 

PL 

CO 

E 

<_ 

<_ 

< 

< 

_< 

< 

< 

13. 

< 

< 

fc 

o 

a 


o 

r- 

r-~ 


M 

g 


2  i 

\C  <D 

S  -2 

i"  -i 


> 

o 

JO 


U 

O 

> 

X) 

B 

ctf 

c 

<D 

00 


< 

O 


00 


ffi 


§ 

cl 

Jj 

pl 


U 

S 


8 

a. 


«a 

u 

S 

c 

w 

.’S 

3* 

T3 

> 

•xs 


2 

33 

O 


ft  I 


•9  'll 


•6 

1 

03 

£ 

o 

2 

II 

i 

jSl 


2 

<4 

<2 

>  I 

■s  S 

f  £ 

S*  w 

3  g 
«  c3 
</} 
T3 
O 


B  2 

—  <D 
* 


00 

G 

1 

*o 

3  c 

| 

2 

8-8 

CL 

[3> 

u  >» 

& 

E 

*5-  *2 

|| 

ll 

n  . 

1  < 

on  .. 

Q 

B 

*  2 

*  2 

X) 

H 


CN 

CN 

O 


5-9 


fish* 


D^pppppDpD^^^ 

o  X  o  o  o  d  o  o'  d  O  °.  °.  d 
0  o  o 


Pr^P^DDPPooD 

(N  °i  N  2*  f'J  CS  CS  (N 

d  0  d  x  d  d  d  d  °  o' 


PDDP  P  *-1 

N  N  N  N  S  CN  N  °  2 


D  P  P  P  P  P  D  a  D  S  D  D  P  D 

oo  vo  oo  r~-  oo  oo  Moo°'.  o\S«o\«i«>P’1o\2r'^ 

On  ^  ON  On  On  On  f^,ONNOON^-HONONaNONp>;OOONT:^  On  fvj 


5  bU  b2 


1 1*  s 


bbb  bbbbbbbhbbbbb 


rrrhhhhhh 

©  ©  o  o  ©  ©  o  o  o 


P  P  p  D  D  P  D 

m  m  rN  ^  rn  m  <N 

■t  ^  Tf  oo  Tt  rf 

d  d  d  d  d  d  d 


0  p  ^  p  p  p  p  P 

0’r'l2<Nf'ltN<N<N(N 

o'  X  o  d  o  ©  d 


D  ^  -  D  D  D 

(N  _;  C\  I  CN  fS  CN 


p^pp^pppppp^^ 
«N  $S  fS  3!  <S  (S  «  \o  cs  n  S  « 

d  x  o  d  o  d  d  ©  d  o’  d  ®  ® 

°  d  o  o 


DDDDPDH?^^^^D^)DDDpj3^DDppD 

On  On  On  On  On  On  On  ^  ^  On  ^  On  On  On  i/s  ^  On  On  ^  «-»  On 

(N  (N  (N  N  (N  M  (N 

d  d  d  O  d  d  d  ®  0  °  1  d  ^  d  d  d  *"•  ©  0  d  d  © 1  ©  d 


On  On  On 
cn  cn  v> 

d  d  d 


pDpDppppppDppppDDppPDpp^ 

<N2(N.2riririririr1oIfNfir1ri?IcNr1^^nr1fid 


in 

•s 


fill 


t-'  S  o 

»  ®  J 

2o.<e 
^  nSm» 

|  III 
flip 

5  &  ”  I 


§Cg 

m  s 


1311 


fill  Is  I* 


pppppppppppppppppppppppp 

r~  no  r-  r-  r-  r-  r't'-t--r-'r£r''r^t-'r‘-i^roc--r^|>£>r~-|>r~-» 

o  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d 


p  HD  p  h  p  h  p  h  p  p  p  p  p  p  b  b  p  p  p  b  b  h  h 


I<N^r^r^i<N(N(Nr'i 

d  x  old  did  old 


|<N  |(N  jtN  |(N 

dodo 


On  r-  ^  ni  On  On 

ro  On  .  .  «— •  cO 

d  d  °  °  d  o 


PPPPPPPPPPPPPPPPPPPPPPPP 

oot'-oot'-ooooooooooooONOOooooootn^oooor-jrtoooooo 

d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  d 


Ph 

<D 

O 

/""A 

3 

O 

00 

o 

r~- 

r- 

*2 

(N 

NO 

u. 

n — ✓ 

£ 

<u 

15 

ce 

> 

> 

ju 

+-» 

CL 

3 

1 

I  HiM 


ill 
« § 


a  l  i 


bbpppbppppbpppppbptapbppp 


I  o  |o  lo  I  o  lo  lo  I 


do  o  op  op 


DDPDDDSDDDDDDDD^PDPD^DD^ 

c<-imcomr^mmmmm^mr<Nmrnrnrn2r^2T3'^!IifN- 

d  d  d  d  d  d  d  d  d  d  d  d  d  d  d  °  d  d  d  d  d  o  d  ° 


P  P  P  P  P  P  P  p  -  p  p  p  P 

oo  J!)  oo  r'-oooooooo2°'fv,00ON°ooo 

ON  On  On  On  On  On  On  On  9®  On  f--  0\  On 

OOO  ooooo©odp©p© 

d  d  d  d  d  d  d  d  °  d  ©  d  d 


4I1§ 


p  pppppppppp.pp.pp.pp._p 
oo  ’""!  oo  r^oooooooooocN_.oo3ooooX  ovPr-CN|'-3*3°o 
ON(NCvONONONONONpO\°30N^pp<Ncr'.  ON  H  ft  m  H  w  » 

d  dddddddd^d  do  ^  d  ©  d  o 


c  -a 

I  u  ^ 

^  a.  a 


^  PPPPPPPPpp  PP  P 

M  ^  OO  hOOOOMtlOMO\(1.n'J<»l)00?°^^f'22 

°°  ~i  CT\  ON  On  ON  ON  On  On  ON  .  fN  —  ON  P  01  ^  ^  p  ^ 
X  d  doddddd^d  do  d 


w  ppp  ppp  pppppppppppppppppp 
p  NONONOr^mmr"Ocr—  onOnOnOnoooocnoocn 

X  CSfNrjCS^QIOjfNrlfNfNlNNrjfSfSJNtNfNfNJNCNOItN 

w  «5  o  o  ©ooooodoododooooooooo 


O  OOO  op  O  O  O 


T’TT‘"T'7ar''TcTv9 


m 


£  w  cl 

1  f -§ 

I  S  | 

Q  «  PU 

*  H  II 

.32  CL 

g  II  3 
°  -N  Q 
fa  3 


022/731298/TABLES/TABLES.XLS  Table  5.5 


has  not  been  observed.  The  maximum  migration  distance  observed  to  date  was  at 
Apron  Line  AP-26  in  the  vicinity  of  valve  box  1,  where  contaminants  appear  to  have 
migrated  approximately  70  feet  from  the  source  area  (valve  box  1).  Additionally, 
groundwater  contamination  is  limited  to  the  shallow  portion  of  the  surficial  aquifer  (less 
than  25  feet  bgs)  (OHM,  1996c;  Geraghty  &  Miller,  Inc.,  1993). 

Shallow  groundwater  contamination  was  detected  at  Site  SS-15A  during  groundwater 
investigations  conducted  in  1994  (OHM,  1995a).  During  these  investigations,  103 
permanent  wells  were  installed  and  sampled  at  Site  SS-15A  and  analyzed  for  aromatic 
VOCs  and  halogenated  VOCs  (VOHs),  ethylene  dibromide,  PAHs,  TRPH,  and  total 
and  dissolved  lead.  Subsequently,  a  quarterly  MO  program  has  been  conducted,  with 
seven  sampling  events  having  been  completed  to  date.  During  the  MO  period,  27 
additional  monitoring  wells  were  installed.  The  number  of  wells  sampled  and  analyses 
performed  during  the  monitoring  period  has  varied;  during  the  most  recent  event  for 
which  data  are  available  (October  1997),  40  wells  were  sampled  and  analyzed  for 
VOHs,  VOAs,  and  PAHs.  Groundwater  samples  from  23  existing  wells  also  were 
collected  during  the  October  1997  risk-based  field  investigation  performed  by  Parsons 
ES.  These  samples  were  analyzed  for  VOAs,  PAHs,  TRPH,  and  various  inorganic  and 
geochemical  indicator  parameters  to  evaluate  natural  chemical  and  physical  attenuation 
processes  that  are  occurring  at  the  site.  The  analytes  targeted  at  each  well  were  varied 
to  avoid  duplication  of  OHM’s  October  1997  MO  sampling.  For  example,  well  AP26- 
MW75  was  targeted  to  be  sampled  during  the  same  time  period  by  both  OHM  (MO 
event)  and  Parsons  ES  (risk-based  remedial  investigation).  Therefore,  the  risk-based 
analytical  suite  for  this  well  was  tailored  where  feasible  to  avoid  duplication  of 
analyses. 

Based  on  the  results  of  MO  sampling  events  performed  in  December  1996-January 
1997,  July  1997,  and  October  1997,  one  or  more  COPCs  exceeded  their  respective  Tier 
1  (Table  V)  TCLs  at  a  total  of  25  locations.  Figure  5.2  presents  the  maximum 

5-11 


022/73 1298/14.DOC 


+-1=80  86/9  l/K>  'QL  10NQ86\86Z  LC  )JV\P°AS3\  :S 


concentrations  of  groundwater  COPCs  detected  above  their  respective  Tier  1  screening 
levels  at  each  of  the  sampled  monitoring  wells  during  the  three  recent  monitoring  events 
described  above.  The  Table  V  TCLs  for  the  volatile  COPCs  benzene,  ethylbenzene, 
and  MTBE  were  exceeded  at  22  wells,  3  wells,  and  3  wells,  respectively.  The  Table  V 
TCLs  for  the  following  PAHs  also  were  exceeded:  acenaphthene  (3  wells), 
benzo(a)anthracene  (5  wells),  benzo(a)pyrene  and  benzo(k)fluoranthene  (2  wells  each), 
benzo(b)fluoranthene  (1  well),  and  naphthalene  (15  wells).  The  Table  V  TCL  for 
TRPH  was  exceeded  at  2  wells.  The  maximum  concentrations  of  COPCs  detected 
during  the  three  monitoring  events  performed  from  December  1996  through  October 
1997  were  benzene  (28  pg/L),  ethylbenzene  (130  pg/L),  MTBE  (80J*  pg/L), 
acenaphthene  (25  pg/L),  benzo(a)anthracene  (7  pg/L),  benzo(a)pyrene  (5  pg/L), 
benzo(b)fluoranthene  (5  pg/L),  benzo(k) fluoranthene  (5  pg/L)  naphthalene  (330  pg/L), 
and  TRPH  (76  mg/L).  The  J*  qualifier  indicates  that  the  value  is  estimated  due  to 
elevated  surrogate  recovery. 

It  should  be  noted  that  the  MDLs  for  historical  groundwater  quality  results  have  not 
always  been  lower  than  the  Tier  1  TCLs.  For  example,  the  MDL  for  benzo(a)pyrene 
using  USEPA  Method  SW8270  (the  method  used  by  OHM  to  analyze  for  PAHs)  is  5 
pg/L,  compared  to  a  Tier  1  TCL  of  0.2  pg/L.  Therefore,  it  is  conceivable  that 
benzo(a)pyrene  was  present  in  groundwater  samples  at  a  concentration  between  0.2 
pg/L  and  5  pg/L,  but  was  not  detected  during  previous  analysis. 

The  effects  of  the  chemical  characteristics  and  site-specific  characteristics  of  each  of 
the  groundwater  COPCs  on  their  fate  and  transport  within  the  shallow  groundwater  are 
examined  in  Section  6.  Emphasis  is  placed  on  documenting  the  effects  of  natural 
physical,  chemical,  and  biological  processes  on  COPC  mass,  concentration, 
persistence,  toxicity,  and  mobility. 
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SECTION  6 

QUANTITATIVE  TIER  2  CHEMICAL  FATE  ASSESSMENT 


6.1  INTRODUCTION 

The  fate  and  transport  of  COPCs  in  environmental  media  at  Site  SS-15A  must  be 
considered  when  assessing  the  need  for  and  feasibility  of  certain  remedial  approaches  to 
mitigate  potentially  unacceptable  risks  to  human  or  ecological  receptors.  The  purpose 
of  this  section  is  to  quantitatively  estimate  the  effects  of  various  site-specific  natural 
attenuation  processes  on  the  fate  and  transport  of  COPCs.  These  processes  include 
leaching,  dispersion,  diffusion,  adsorption,  and  biodegradation.  Particular  emphasis  is 
given  to  documenting  verifiable  COPC  biodegradation  in  both  soils  and  groundwater. 
This  section  summarizes  and  interprets  specific  site  characterization  data  relevant  to 
documenting  the  effectiveness  of  natural  chemical,  physical,  and  biological  processes 
that  are  minimizing  COPC  migration  and  reducing  COPC  concentration,  mass,  and 
toxicity  over  time.  This  quantitative  fate  assessment  is  used  to  estimate  the  timeframe 
to  attain  Tier  1  cleanup  criteria  using  natural  attenuation,  and  to  determine  whether 
natural  attenuation  will  be  effective  in  controlling  the  migration  of  contaminants  from 
the  site. 

As  discussed  in  Section  4,  a  number  of  PAHs  [benzo(a)anthracene,  benzo(a)pyrene, 
benzo(b)fluoranthene,  and  possibly  also  indeno(l,2,3-cd)pyrene  and 
dibenzo(a,h)anthracene]  detected  in  soil  at  Site  SS-15A  exceeded  their  respective  health- 
protective  Tier  1  (Direct-Exposure  II)  TCLs  designed  to  be  protective  of  possible  future 
site  workers  (Table  4.1).  In  addition,  several  site-related  compounds  were  detected  in 
groundwater  during  recent  sampling  events  at  concentrations  above  health-protective 
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Tier  1  (Table  V)  TCLs.  Benzene,  ethylbenzene,  MTBE,  acenaphthene, 
benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene,  benzo(k)fluoranthene, 
naphthalene,  and  TRPH  were  measured  in  groundwater  during  the  December  1996 
through  October  1997  sampling  events  at  concentrations  above  the  most  restrictive 
groundwater  TCLs  (Table  4.2).  Based  on  available  groundwater  monitoring  data, 
surface  water  is  not  impacted  by  contaminated  groundwater  from  Site  SS15A. 
Therefore,  there  are  no  site-related  CO  PCs  for  surface  water.  The  short-  and  long-term 
fate  and  transport  of  these  COPCs  within  affected  environmental  media  at  Site  SS-15A 
is  discussed  in  the  following  sections. 

6.2  OPERATIVE  MECHANISMS  OF  CONTAMINANT  ATTENUATION 

Understanding  the  fate  of  COPCs  in  environmental  media  is  critical  to  evaluating 
and  predicting  contaminant  distribution  patterns.  There  are  several  physical,  chemical, 
and  biological  processes  that  influence  how  a  chemical  behaves  in  soil  and 
groundwater.  The  following  sections  present  a  brief  overview  of  the  major  chemical 
and  physical  characteristics  that  define  the  fate  of  COPCs  in  soil  and  groundwater  at 
Site  SS-15A.  These  characteristics  ultimately  determine  if  the  mass  of  contaminants  in 
the  environment  can  be  eliminated  or  rendered  immobile  by  natural  processes.  The 
positive  effects  of  these  natural  processes  on  reducing  the  actual  mass  of  COPCs  and/or 
minimizing  leaching  or  the  extent  of  migration  in  groundwater  are  termed  natural 
attenuation,  or  intrinsic  remediation. 

6.2.1  Nondestructive  Chemical  Attenuation  Processes 

Nondestructive  attenuation  processes  can  be  described  as  those  physical  and 

chemical  processes  that  may  prohibit  significant  contaminant  migration  but  will  not 

result  in  a  permanent  reduction  in  contaminant  mass.  Examples  of  nondestructive 

attenuation  processes  include  volatilization,  sorption,  advection,  and  hydrodynamic 

dispersion.  These  processes  must  be  evaluated  when  determining  whether  some  type  of 

remediation  is  warranted  because  chemical  contamination  poses  or  has  the  potential  to 
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pose  a  risk  to  human  or  ecological  receptors.  If  contamination  cannot  reach  a  potential 
receptor  exposure  point,  the  contamination  poses  no  risk. 

6.2. 1.1  Solubility 

The  water  solubility  of  a  chemical  species  defines  how  that  particular  chemical  could 
partition  (leach)  from  a  contaminant  source  (e.g.,  LNAPL,  contaminated  soils)  and 
dissolve  into  and  migrate  with  groundwater.  In  general,  lighter  hydrocarbon  chains 
tend  to  be  more  water  soluble  than  heavier  hydrocarbon  chains.  For  example,  the 
water  solubilities  of  the  soil  COPCs  are  as  follow:  benzo(a)anthracene,  5.7  pg/L  to 
16.8  pg/L  (Davis  et  al.,  1942;  Klevens,  1950;  Mackay  and  Shiu,  1977;  May  et  al., 
1978;  Smith  et  al.,  1978;  Walters  and  Luthy,  1984);  benzo(b)fluoranthene,  1.2  to  14 
pg/L  (USEPA,  1980  and  1982);  benzo(a)pyrene,  0.5  pg/L  to  4.5  pg/L  (Billington  et 
al.,  1988;  Davis  and  Parke,  1942;  Davis  et  al.,  1942;  Eadie  et  al.,  1990;  Mackay  and 
Shiu,  1977;  and  Schwarz  and  Wasik,  1976).  The  water  solubilities  of  the  potential  soil 
COPCs  indeno(l,2,3-cd)pyrene  and  dibenzo(a,h)anthracene  are  62  pg/L  (Sims  et  al., 
1988)  and  0.5  to  2.5  pg/L,  respectively  (Davis  et  al.,  1942  and  Means  et  al.,  1980). 

In  contrast  to  these  PAHs,  the  BTEX  compounds  have  solubilities  ranging  from 
approximately  152  mg/L  (ethylbenzene  and  xylenes)  to  1,780  mg/L  (benzene)  (Bohon 
and  Claussen,  1951;  Mackay  and  Shiu,  1981;  Verschueren,  1983;  Isnard  and  Lambert, 
1988).  Consequently,  even  though  the  lighter  hydrocarbons  such  as  the  BTEX 
compounds  may  comprise  a  low  mass  fraction  of  the  initial  source  of  contamination 
(e.g.,  about  4  percent  of  fresh  JP-4  jet  fuel),  these  compounds  preferentially  leach  from 
contaminated  soil  and  LNAPL  into  groundwater  and  migrate  as  dissolved  contamination 
(Lyman  et  al.,  1992). 

6.2. 1.2  Sorptive  Properties 

Another  chemical  characteristic  that  can  govern  how  a  compound  may  migrate  (or 
become  attenuated  or  occluded)  within  soil  and  groundwater  is  its  sorptive  properties. 
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Organic  contaminants  like  the  COPCs  at  Site  SS-15A  sorb  to  that  portion  of  the  soil 
matrix  that  is  composed  of  organic  carbon  and  clay  particles.  If  a  contaminant  can  be 
strongly  sorbed  to  organic  carbon  and/or  clay  particles  in  either  unsaturated  or 
saturated  soils,  the  compound  will  be  less  mobile  and  less  likely  to  be  transported  great 
distances  from  the  source  area.  Benzene  does  not  sorb  readily  to  soil  and  is  considered 
the  most  mobile  of  the  BTEX  compounds  (Abdul  et  al.,  1987).  MTBE  also  is 
relatively  mobile  in  groundwater  systems.  In  comparison,  naphthalene  and  other  PAHs 
sorb  much  more  strongly  to  the  soil  matrix,  and  migration  is  limited  in  both  soil  and 
groundwater  (Verschueren,  1983;  Wiedemeier  et  al.,  1995). 

The  TOC  content  of  saturated  soils  was  measured  as  part  of  the  1997  sampling  event 
at  Site  SS-15A.  The  TOC  contents  measured  in  two  uncontaminated  saturated  soil 
samples  from  SB5,  collected  upgradient  from  valve  box  1  at  apron  line  AP-26,  were 
0.078  and  0.080  percent,  respectively.  The  presence  of  TOC  in  the  aquifer  matrix 
indicates  that  sorption  of  fuel  contaminants  to  soil  particles  is  most  likely  retarding  the 
mobility  of  the  COPCs  relative  to  that  of  groundwater. 

6.2.1.3  Volatility 

The  volatility  of  each  COPC  also  can  affect  how  the  chemical  behaves  in  the 
environment.  The  volatile  COPCs  detected  in  soil  and/or  groundwater  at  Site  SS-15A 
include  BTEX  and  MTBE.  These  compounds  have  vapor  pressures  ranging  from  about 
6.6  millimeters  of  mercury  (mm  Hg)  for  xylene  to  249  mm  Hg  for  MTBE 
(Montgomery  and  Welkom,  1990;  Daubert  and  Danner,  1989).  The  detection  of  BTEX 
in  soil  gas  samples  collected  at  the  site  confirms  that  these  compounds  are  partitioning 
from  soil  and  groundwater  into  the  vapor  phase.  The  potential  pathway  involving 
volatilization  from  subsurface  environmental  media  was  not  directly  investigated  as  a 
mass  transport  mechanism  at  Site  SS-15A.  The  site  is  covered  by  up  to  18  inches  of 
concrete  and/or  asphalt  pavement,  which  eliminates  effective  mass  transfer  via 
volatilization  into  the  outdoor  atmosphere. 
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6.2. 1.4  Advection  and  Hydrodynamic  Dispersion 

Advective  transport  is  the  transport  of  contaminants  by  the  bulk  movement  of 
groundwater.  As  described  in  Section  3.2,  the  advective  groundwater  flow  velocity  at 
Site  SS-15A  is  relatively  slow  (average  of  approximately  5  ft/yr);  the  advective 
migration  velocity  of  most  dissolved  contaminants  is  anticipated  to  be  even  slower  due 
to  the  effects  of  retardation  (Section  6.2. 1.2).  The  slow  contaminant  migration  velocity 
is  significant  in  that  microorganisms  have  more  time  to  biodegrade  the  contaminants 
before  they  can  reach  a  receptor  exposure  point. 

Hydrodynamic  dispersion,  which  includes  mechanical  dispersion  and  diffusion,  is 
another  important  process  causing  dilution  of  contaminants  dissolved  in  groundwater. 
Whereas  advection  is  controlled  by  macroscopic  movement  of  groundwater, 
hydrodynamic  dispersion  is  typically  governed  by  molecular  diffusion  and/or  tortuosity 
of  groundwater  flow  through  pore  spaces.  Advection  and  hydrodynamic  dispersion  of 
dissolved  contaminants  in  groundwater  underlying  Site  SS-15A  will  tend  to  reduce 
measurable  concentrations  over  time  but  will  not  bring  about  a  reduction  in  overall 
contaminant  mass.  The  long-term  fate  and  transport  of  dissolved  contaminants, 
accounting  for  the  influence  of  these  hydrogeologic  characteristics,  is  quantitatively 
investigated  in  Section  6.6.4.  This  information  is  used  to  determine  if  natural 
attenuation  will  prevent  potential  unacceptable  exposure  of  receptors,  should  an 
exposure  pathway  involving  groundwater  be  completed  in  the  future. 

6.2.2  Destructive  Chemical  Attenuation  Processes 

In  comparison  to  nondestructive  chemical  attenuation  processes,  destructive  chemical 

attenuation  processes  result  in  the  permanent  removal  of  contaminant  mass  from  the 

environment.  Primarily  as  a  result  of  the  operation  of  destructive  chemical  attenuation 

properties,  Tier  1  TCLs  will  be  attained.  Documenting  and  distinguishing  the  effects  of 

destructive  attenuation  processes,  such  as  biodegradation,  from  nondestructive 

attenuation  processes  is  critical  to  evaluating  the  potential  for  RNA  to  bring  about  a 
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reduction  in  contaminant  mass  over  time.  The  effectiveness  of  destructive  attenuation 
processes  at  reducing  contaminant  mass  at  a  site  depends  on  how  susceptible  the 
chemical  is  to  biodegradation  and  whether  the  site  is  characterized  by  physical, 
chemical,  and  biological  conditions  favorable  to  such  processes. 

Numerous  laboratory  and  field  studies  have  shown  that  hydrocarbon-degrading 
bacteria  can  participate  in  the  degradation  of  many  of  the  chemical  components  of 
different  types  of  fuels  (e.g.,  JP-4  jet  fuel)  under  both  aerobic  and  anaerobic  conditions 
(e.g.,  Jobson  et  al.,  1972;  Perry,  1977;  Atlas,  1981,  1984,  and  1988;  Gibson,  1984; 
Reinhard  et  al.,  1984;  Young,  1984;  Bartha,  1986;  Wilson  et  al.,  1986,  1987,  and 
1990;  Baedecker  et  al.,  1988;  Lee,  1988;  Chiang  et  al.,  1989;  Grbic-Galic,  1989  and 
1990;  Leahy  and  Colwell,  1990;  Parker  et  al.,  1990;  Stieber  et  al.,  1990,  1994; 
Altenschmidt  and  Fuchs,  1991;  Alvarez  and  Vogel,  1991;  Baedecker  and  Cozzarelli, 
1991;  Bauman,  1991;  Borden,  1991;  Brown  et  al.,  1991a;  Haag  et  al.,  1991;  Hutchins 
and  Wilson,  1991;  Beller  et  al.,  1992;  Bouwer,  1992;  Edwards  and  Grbic-Galic,  1992; 
Thierrin  et  al.,  1992;  Malone  et  al.,  1993;  Davis  et  al.,  1994).  Biodegradation  of  fuel 
hydrocarbons  will  occur  when  an  indigenous  population  of  hydrocarbon-degrading 
microorganisms  is  present  in  the  soil  and  groundwater,  and  sufficient  concentrations  of 
electron  acceptors  and  nutrients,  including  fuel  hydrocarbons,  are  available  to  these 
organisms.  Soils  and  groundwater  with  a  history  of  exposure  to  fuel  hydrocarbon 
compounds,  such  as  at  Site  SS-15A,  generally  contain  microbial  populations  capable  of 
facilitating  biodegradation  reactions  (Zobell,  1946;  Litchfield  and  Clark,  1973;  Borden, 
1994;  Seech  et  al.,  1994;  Simpkin  and  Giesbrecht,  1994).  The  chemical  basis  for  the 
biodegradation  of  each  of  the  COPCs  is  described  in  more  detail  in  Section  6.4,  where 
geochemical  data  relevant  to  documenting  biodegradation  at  the  field  scale  at  Site  SS- 
15A  are  presented. 
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6.3  EVIDENCE  OF  CONTAMINANT  BIODEGRADATION  OVER  TIME 


The  first  step  in  determining  whether  site  data  indicate  that  COPCs  are  biodegrading 
in  soils  and  groundwater  at  Site  SS-15A  was  to  compare  contaminant  concentrations  at 
selected  sampling  locations  over  time.  The  purpose  of  this  comparison  was  to  assess 
the  evidence  of  field-scale  contaminant  mass  loss.  Decreases  in  the  magnitude  of 
contaminant  concentrations  at  a  site  over  time  that  cannot  be  explained  by  physical 
processes  (e.g.,  source  removal,  mass  transport  in  groundwater)  may  be  the  first 
indication  that  contaminants  are  biodegrading  at  the  site. 

6.3.1  Observed  Contaminant  Loss  From  Soil 

There  is  evidence  for  natural  attenuation  of  contaminants  in  soil  at  Site  SS-15A.  As 
discussed  in  Section  4.3. 1.1,  remaining  fuel  residuals  at  this  site  are  highly  weathered 
and  contain  less  than  5  percent  of  their  original  BTEX  content.  Comparison  of 
maximum  soil  concentrations  detected  in  1994  and  1997  at  three  locations  (OHM  soil 
boring  locations  AP15-SB2,  AP20-SB6,  and  AP26-SB1),  presented  on  Table  6.1, 
indicates  that  contaminant  concentrations  generally  decreased  at  AP15-SB2  and  AP20- 
SB6.  Conversely,  1997  contaminant  concentrations  at  AP26-SB1  were  generally  higher 
than  those  detected  at  the  same  location  in  1994.  It  should  be  noted  that  the  relatively 
high  PQLs  for  the  1994  data  from  AP15-SB2  make  direct  comparison  of  1994  and  1997 
data  infeasible  for  many  of  the  target  analytes. 

Biodegradation  of  soil  COPCs  present  in  the  vadose  zone  can  proceed  if  the  soil 
particles  to  which  the  contaminants  are  adsorbed  are  covered  with  a  water  film  to 
support  microbial  populations.  The  presence  of  abundant  soil  moisture  in  the  vadose 
zone  can  be  inferred  from  the  shallow  water  table  depth,  the  relatively  warm  ambient 
air  temperature,  and  presence  of  the  asphalt/concrete  cap  that  would  inhibit  evaporation 
of  subsurface  moisture  into  the  atmosphere.  These  conditions  are  favorable  to  the 
growth  of  fuel-degrading  microorganisms,  and  most  likely  result  in  anaerobic 


6-7 


022/73 1298/14.DOC 


CO 


AP15-SB2 

2'-4' 

(1997) 

0.24  U 

0.24  U 

0.021  J1 

0.014 J1  | 

0.018  U  | 

0.0056  J1  | 

0.0037  J1  | 

0.013  U  1 

1  IfZZO'O 

0.024  U  | 

0.065  j 

0.026  J1  | 

0.035  U  1 

0.24  U  | 

0.11  I 

0.065  | 

0.00075  J1 

0.0024  U 

0.0059  U 

0.0059  U 

0.0047  U 

0.0047  U 

0.0035  U 

0.0024  U 

0.0059  U 

NA 

NA 

1 

AP15-SB2 

2'-4’ 

(1994) 

<12 

<12 

<12 

<12 

<12 

<12 

<12 

<12 

<12 

ZI> 

<12 

<12 

<12 

29 

<12 

<12 

d 

V 

4.9 

S 

o 

V 

2 

NA 

NA 

NA 

NA 

<7.4 

<0.75 

n 

f" 

d 

V 

5300 

AP20-SB1-3 

3'-5' 

(1997) 

b 

s 

d 

0.24  U 

0.024  U 

0.024  U 

!=> 

00 

tH 

o 

d 

0.014  U 

D 

On 

in 

o 

d 

0.013  U 

0.047  U 

0.024  U 

0.047  U 

0.047  U 

0.035  U  | 

S 

d 

0.047  U 

0.047  U 

0.0059  U 

0.0024  U 

0.0015  J1 

0.0059  U 

0.0047  U 

0.0047  U 

0.0035  U 

0.0024  U 

0.0059  U 

VN 

NA 

12  U 

AP20-SB6 

3'-5' 

(1994) 

i-H 

oo 

in 

00 

o 

§ 

in 

vo 

vo 

i-H 

r- 

m 

On 

37 

in 

vo 

00 

m 

00 

CO 

00 
T— t 

l-H 

120 

3 

00 

in 

V 

<5.8 

<5.8 

<5.8 

NA 

NA 

NA 

NA 

<58 

00 

in 

V 

<5.8 

8 

AP26-SB1-5 

5'-T 

(1997) 

a 

i-H 

►*-> 

t-H 

H 

24  U 

i-H 

00 

vH 

l-H 

7.4 

5.9  U 

00 

<N 

<s 

tH 

2.4  U 

01 

9.3 

4.3 

24  U 

29 

i— H 

0.0059  U 

0.0024  U 

0.0059  U 

0.0059  U 

0.0047  U 

0.0047  U 

0.0035  U  | 

0.049 

0.0059  U 

!  VN 

VN 

< 

Z 

AP26-SB1 

5'-7' 

(1994) 

© 

V 

O 

V 

7.5 

5.9 

o 

V 

4.3 

<4.0 

4.3 

5.9 

o 

xt1 

V 

i-H 

t< 

q 

Tt* 

V 

q 

V 

CO 

r— H 

7.5 

5.9 

<2.9 

3.2 

3.7 

^H 

<: 

z 

NA 

NA 

NA 

<2.9 

<2.9 

<2.9 

1400 

Units 

I 

jj* 

t 

mg/kg 

mg/kg 

mg/kg 

mg/kg 

- 

If 

s’ 

6Q 

! 

mg/kg 

OD 

! 

W) 

1 

mg/kg 

OJD 

M 

I 

00 

1 

OlO 

! 

! 

W) 

1 

mg/kg 

1 

bU 

a 

60 

M 

6 

1? 

S 

mg/kg 

mg/kg 

If 

mg/kg 

mg/kg 

mg/kg 

*g 

i 

O 

O 

Acenaphthene 

SB 

<L> 

p— H 

f 

1> 

Anthracene 

Benzo(a)anthracene 

S 

2 

>3 

1 

1 

<L> 

PQ 

Benzo(b)fluoranthene 

Benzo  (g,h,i)perylene 

a 

i 

l-H 

o 

g 

1 

PQ 

Chrysene 

Dibenzo(a,h)anthracene 

Fluoranthene 

[Fluorene 

SB 

<D 

1 

O 

i 

CO 

CN 

V - C 

§ 

1 

Naphthalene 

Phenanthrene 

Pyrene 

Benzene 

Ethylbenzene 

[Toluene 

Xylenes,  Total 

1 ,2-Dichlorobenzene 

S 

a 

JB 

O 

Ui 

O 

1 

5 

i 

cn 

1 ,4-Dichlorobenzene 

Chlorobenzene 

MTBE e/ 

1 ,2-Dichloroethane 

1 1 ,2-Dibromoethane 

TRPH  f/ 

a 

p 


T3 

O 

1 


<U 

-£  -tS 

c  | 
§  60 
o  ’p 
o 

C  Cu 
o  P 

1  j 

S  p 

o  > 

c  o 

O  rQ 
o  ed 


*2  a 


o 
c 

W  w 

M-H  *** 

■jb  *g 


■8 


’>><2 

11 

c/3  rd 

o  g 
a  g 

i  1 1 

111 

§1! 
S  o  5 
H  £  ^ 

< 
£ 


I 

as 

O 

e 

T3 

>* 


<U 

|  2 

H  8. 

B- 

5  e 

<u 

«-  > 
<U  O 


•S  — 
w  £3 

So 
H 

11  ii 

w  - 
»  ¥ 

fc  §2 
S  H 


lo  "o  *5 


.o 

H 


X 

in 


c; 

<s 


6-8 


biodegradation  of  vadose  zone  contaminants  over  time.  However,  because  of  the 
limited  amount  of  data  and  the  inherent  variability  of  soil  sampling,  no  meaningful 
conclusions  can  be  made  from  the  data  presentation  in  Table  6.1  regarding  the  degree 
to  which  significant  reduction  of  contaminant  mass  has  occurred  in  site  soils  between 
1994  and  1997. 

The  declining  concentrations  of  dissolved  contaminants  measured  in  source  area 
wells  provides  indirect  evidence  of  declining  residual  LNAPL  concentrations  in 
saturated  soils.  Under  equilibrium  conditions,  the  amount  of  contaminant  in  saturated 
soils  that  will  dissolve  in  groundwater  can  be  determined  by  a  linear,  site-specific 
distribution  partitioning  coefficient  (Kd).  Because  of  the  low  groundwater  flow  velocity 
at  the  site  (estimated  at  5.1  ft/yr  [OHM  1995a]),  dissolved  contamination  in 
groundwater  in  the  source  areas  can  be  assumed  to  be  in  equilibrium  with  the 
contamination  sorbed  to  the  soil.  Therefore,  the  decrease  in  dissolved  contaminant 
concentrations  measured  in  groundwater  from  source  area  wells  should  be  proportional 
to  the  decrease  in  contaminant  concentrations  in  saturated  soils.  Loss  of  contaminant 
mass  from  groundwater  is  discussed  in  Section  6.3.2,  and  quantitative  estimates  for 
rates  of  destructive  contaminant  loss  from  saturated  soils  and  groundwater  are  presented 
in  Section  6.3.3. 

6.3.2  Observed  Contaminant  Loss  from  Groundwater 

Analytical  data  from  permanent  groundwater  monitoring  wells  that  were  sampled 
and  analyzed  for  several  of  the  groundwater  COPCs  during  multiple  sampling  events 
were  compared  to  assess  whether  dissolved  contaminant  concentrations  appear  to  be 
decreasing  over  time.  Table  6.2  presents  the  analytical  results  for  groundwater  COPCs 
that  exceeded  their  respective  Tier  1  (Table  Y)  TCLs  during  the  time  periods  from 
August  1994  through  October  1995,  and  from  December  1996  through  October  1997. 
This  comparison  is  considered  valid  because  the  plume  size  is  not  increasing  over  time 
(i.e.,  reductions  in  the  site  average  concentration  are  not  due  to  physical 
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TABLE  6.2 

SUMMARY  OF  1994-1995  AND  1996-1997  COPCS 
IN  GROUNDWATER 

RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 


Chemical  Name 

Location 

August  1994  through 
October  1995 

December  1996  Through 

October  1997 

Table  V 

Target  Cleanup 
Level*7 

Maximum 

Concentration 

Exceeding  TCL 

Maximum 

Concentration 

Exceeding  TCL 

Monitoring  Only 
Eventw 

Benzene  (ng/L)07 

AP5-MW1 

19 

cV 

1 

AP10-MW9 

13 

18 

Y2Q1 

AP10-MW11 

2.8 

NS 

AP11-MW14 

27 

Y2Q1 

APU-MW16 

2.8 

1.4J 

Y2Q3 

AP11-MW-17 

4 

3 

Y2Q1 

AP12-MW21 

32 

9J 

Y2Q1 

AP12-MW24 

47 

28 

Y2Q1 

AP13-MW28 

1.4 

ns" 

AP13-MW29 

1.5 

NS 

AP14-MW31 

9.2 

NS 

AP14-MW34 

12 

12 

Y2Q1 

AP14-MW-97 

3 

6J 

Y2Q1 

AP15-MW35 

14 

6J 

Y2Q3 

AP15-MW36 

2.3 

NS 

AP15-MW37 

15 

4 

Y2Q2 

AP15-MW38 

24 

AP16-MW39 

23 

28 

Y2Q3 

AP 1 6-FHSP-M  W27 

1 

— 

AP17-MW40 

16 

22 

Y2Q1 

AP17-MW99 

1 

AP17-MW109 

NI 

7 

Y2Q1 

API  7-FHSP-MW28 

10 

2J 

Y2Q2 

AP18-MW41 

2.6 

— 

API  8-FHSP-MW29 

2 

— 

AP19-MW44 

22 

— 

AP19-MW46 

2.8 

— 

AP20-MW47 

2.7 

NS 

AP20-MW100 

3 

1 

Y2Q3 

AP21-MW54 

9 

— 

AP21-MW57 

15 

NS 

AP21-MW59 

12 

NS 

AP22-MW63 

20 

3J 

Y2Q1 

AP22-MW101 

61 

— 

AP23-MW67 

— 

10J 

Y2Q3 

AP26-MW75 

2 

4 

Y2Q3 

AP26-MW76 

2 

2 

Y2Q3 

AP26-MW104 

— 

2 

Y2Q3 

AP26-MW1 14 

NI 

3J 

Y2Q1 

AP27-MW78 

2 

1J 

Y2QI 

Ethylbenzene  (jag/L) 

AP10-MW9 

140 

130 

1  1 

30 

AP11-MW14 

— 

38J 

■  1 

AP12-MW21 

120 

39J 

AP12-MW24 

43 

— 

■H 

MTBE  (jig/L) 

AP14-MW34 

— 

35 

AP14-MW-97 

— 

■ 

AP23-MW67 

38 

■M 

Acenaphthene  (pg/L) 

AP12-MW21 

26 

— 

■ 

20 

AP16-MW39 

22 

— 

■ 

AP22-MW101 

69 

— 

■ 

AP26-MW75 

21 

20 

1 

AP26-MW76 

— 

25 

1 

AP26-MW1 14 

NI* 

21 

AP26-MW116 

NI 

33 

Benzo(a)anthracene  (jig/L) 

AP22-MW101 

7 

— 

0.2 

AP26-MW75 

— 

3J 

I  Y2Q2 

AP26-MW76 

— 

1J 

Y2Q3 

AP26-MW113 

NI 

0.024J 

Y2Q3 

AP26-MW116 

NI 

1J 

Y2Q1 

AP27-MW78 

— 

7 

Y2Q3 
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TABLE  6.2  (Continued) 

SUMMARY  OF  1994-1995  AND  1996-1997  COPCS 
IN  GROUNDWATER 

RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 


a/  Cleanup  level  for  No  Further  Action  With  or  Without  Conditions. 

b/  Y2Ql=year  two,  first  quarter  (December  1996-January  1997);  Y2Q2=year  two,  second  quarter  (July  1997); 
cl  mg/L  =  micrograms  per  liter. 

d / - -  Compound  below  asociated  TCL. 

e/  J  =  Estimated  value. 
fl  NS  ~  Not  sampled, 
g/  NI  =  Well  not  installed. 

h/  NA  =  Not  applicable  because  PQL  greater  than  TCL. 
i !  mg/L  =  milligrams  per  liter. 
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dispersion/diffusion  of  the  plume).  Available  data  suggest  that  the  areal  extent  of 
dissolved  contamination  at  Site  SS-15A  has  not  changed  significantly  from  1994  to 
1997.  Therefore,  reductions  in  groundwater  COPC  concentrations  in  the  source  area 
over  time  may  be  a  good  first  indicator  that  contaminant  mass  loss  is  occurring. 

Based  on  analytical  data  obtained  at  the  same  sampling  locations  over  time 
(September-October  1995  and  October  1997,  from  27  wells  for  benzene,  ethylbenzene, 
and  MTBE,  and  17  wells  for  acenaphthene  and  naphthalene),  the  average 
concentrations  of  dissolved  COPCs  near  and  within  source  areas  has  decreased 
significantly,  with  the  exception  of  MTBE.  Average  benzene,  ethylbenzene, 
acenaphthene,  and  naphthalene  concentrations  were  reduced  by  77  percent,  60  percent, 
30  percent,  and  44  percent,  respectively.  In  contrast,  the  average  concentration  of 
MTBE  increased  by  14  percent  during  the  same  period.  Because  the  PQLs  for 
benzo(a)anthracene,  benzo(a)pyrene,  and  benzo(k)fluoranthene  for  samples  collected  in 
1995  were,  with  only  one  exception,  greater  than  the  concentrations  measured  in  1997, 
average  reductions  for  these  compounds  could  not  be  calculated.  Mass  losses  for 
benzo(b)fluoranthrene  could  not  be  assessed  because  results  for  this  compound  were  not 
reported  in  the  1995  data. 

Further  evidence  for  COPC  mass  loss  is  indicated  by  the  reduction  in  the  number  of 
locations  where  dissolved  COPC  concentrations  exceeded  their  respective  Tier  1 
screening  levels.  The  number  of  locations  where  one  or  more  COPCs  exceeded  their 
respective  Tier  1  screening  levels  was  reduced  from  30  in  August  1994-October  1995  to 
24  in  December  1996-October  1997.  These  numbers  probably  underestimate  the 
reduction  in  numbers  of  locations  with  exceedances,  because  some  wells  where 
exceedances  of  Tier  1  TCLs  occurred  in  December  1996-October  1997  were  not  yet 
installed  during  the  August  1994-October  1995  sampling  events.  If  only  the  wells  that 
were  installed  at  the  time  of  the  initial  sampling  time  period  (August  1994-October 
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1995)  are  considered,  COPCs  exceeded  their  respective  Tier  1  screening  levels  at  18 
locations  during  the  December  1996-October  1997  time  period. 

6.3.3  Estimating  Site-Specific  Contaminant  Biodegradation  Rates 

It  is  important  to  distinguish  between  the  effects  of  nondestructive  attenuation 
processes  (i.e.,  advection,  dispersion,  and  sorption)  and  of  destructive  attenuation 
processes  (i.e.,  biodegradation)  on  the  mass  of  dissolved  groundwater  COPCs  in  the 
groundwater  at  Site  SS-15A.  Comparison  of  analytical  data  from  several  sampling 
events  suggest  that  most  of  the  groundwater  COPCs  are  being  removed  from  saturated 
soils  and  groundwater  by  mechanisms  other  than  dispersion,  advection,  and  sorption. 
To  quantify  these  effects,  an  exponential  regression  method  can  be  used  to  derive 
degradation  rates  from  concentration  reduction  data  versus  time  (Buscheck  and 
Alcantar,  1996).  The  reduction  in  COPC  concentrations  at  specific  sampling  points  can 
be  easily  used  to  estimate  a  first-order  attenuation  rate,  provided  the  plume  size  is 
relatively  stable  or  decreasing.  It  is  commonly  assumed  that  biodegradation  rates  for 
fuel  hydrocarbons  in  saturated  media  can  be  approximated  by  a  first-order  decay 
constant  (Chapelle,  1993).  Using  the  equation: 

C(t)  =  Ge(-kt) 

Where:  C(t)  =  concentration  at  time  t 

Cj  =  initial  concentration 
k  =  decay  rate  (T"l) 
t  =  time 

Table  6.3  summarizes  the  calculated  biodegradation  rates  for  each  of  the 
groundwater  COPCs.  The  calculated  rates  are  based  on  reductions  in  contaminant 
concentrations  measured  at  specific  sampling  points  over  time.  These  degradation  rates 
express  the  quantity  of  the  contaminant  mass  being  removed  from  the  saturated  media 
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TABLE  6.3 

COMPOUND-SPECIFIC  BIODEGRADATION  RATES 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 
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that  cannot  be  explained  by  nondestructive  attenuation  processes  such  as  dispersion  and 
adsorption.  The  effects  of  both  aerobic  and  anaerobic  destructive  attenuation  processes 
are  included  in  these  site-specific  biodegradation  rate  estimates.  The  potential  for 
additional  hydrocarbons  to  leach  from  “smeared”  contaminants  in  soils  and  LNAPL 
into  groundwater  was  not  factored  into  the  rate  estimates.  As  a  result,  the  rates  may 
underestimate  the  effectiveness  of  biodegradation  processes  at  the  site.  Only  rates 
having  an  associated  correlation  coefficient  (R2  value)  of  0.8  or  greater  are  included  in 
Table  6.3. 

Because  dissolved  contamination  concentrations  vary  with  groundwater  levels 
(generally  higher  concentrations  at  times  of  high  water  levels  and  lower  concentrations 
at  times  of  lower  water  levels  [OHM,  1996c])  as  well  as  with  time,  three  different  sets 
of  data  were  analyzed  where  sufficient  data  were  available.  For  the  wells  that  were 
overdeveloped,  only  the  data  collected  subsequent  to  overdevelopment  were  analyzed. 
One  set  of  degradation  rates  was  calculated  using  data  from  all  seven  quarterly 
groundwater  monitoring  events;  a  second  set  included  data  from  four  events  during 
times  of  low  water  levels  (average  site  water  levels  between  1.45  and  1.79  feet  above 
NGVD);  and  a  third  set  using  data  from  three  events  during  times  of  high  water  levels 
(average  site  water  levels  between  2.13  and  2.38  feet  above  NGVD). 

Based  on  these  estimated  degradation  rates,  the  average  half-life  calculated  for 
benzene  in  saturated  soils  and  groundwater  at  Site  SS-15A  is  about  280  days.  The  half- 
life  of  naphthalene  ranged  from  approximately  100  days  to  approximately  866  days  and 
averaged  about  323  days.  All  half-lives  calculated  for  ethylbenzene  had  correlation 
coefficients  less  than  0.8,  and  therefore  are  not  reported  in  Table  6.3.  Wiedemeier  et 
al.  (1995a)  reports  rates  for  ethylbenzene  ranging  from  0.0012  day1  to  0.0038  day1, 
which  yield  half-lives  of  180  to  600  days.  Due  to  insufficient  data,  site-specific 
degradation  rates  and  half-lives  for  MTBE,  benzo(a)pyrene,  benzo(a)anthracene, 

6-15 


022/731298/14.DOC 


benzo(k)fluoranthene,  and  benzo(b)fluoranthene  could  not  be  calculated  with 
confidence. 

6.4  EVIDENCE  OF  CONTAMINANT  BIODEGRADATION  VIA 
MICROBIALLY  MEDIATED  REDOX  REACTIONS 

Available  site  data  suggest  that  TRPH,  BTEX,  and  PAHs  are  biodegrading  in 
saturated  soils  and  groundwater  at  Site  SS-15A.  There  were  measurable  decreases  in 
the  concentrations  of  these  compounds  at  select  sampling  locations  and  in  the  site 
average  concentrations  of  each  specific  compound  over  the  course  of  several  sampling 
events.  A  simple  exponential  regression  method  (i.e.,  first-order  decay)  was  used  to 
estimate  site-specific  destructive  degradation  rates  for  benzene,  ethylbenzene,  total 
BTEX,  benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene,  and  naphthalene. 
On  the  basis  of  this  evaluation,  and  a  large  body  of  evidence  in  the  literature  that 
demonstrates  that  biodegradation  of  fuel  hydrocarbons  in  groundwater  is  ubiquitous 
throughout  a  large  variety  of  hydrogeologic  settings,  it  can  be  inferred  that  the 
groundwater  COPCs  are  biodegrading  at  Site  SS-15A. 

There  is  another  line  of  evidence  that  can  be  used  to  show  that  these  contaminants 
are  biodegrading  in  saturated  soil  and  groundwater  at  Site  SS-15A.  The  fuel 
hydrocarbon  groundwater  COPCs  (i.e.,  benzene,  ethylbenzene,  MTBE,  acenaphthene, 
benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene,  benzo(k)fluoranthene, 
naphthalene,  and  TRPH)  are  typically  utilized  as  electron  donors  in  biologically  mediated 
redox  reactions  under  a  wide  range  of  geochemical  conditions.  Therefore,  analytical  data 
on  potential  electron  acceptors  can  be  used  as  geochemical  indicators  of  COPC 
biodegradation  (Salanitro,  1993;  McCallister  and  Chiang,  1994;  Wiedemeier  et  al.,  1995; 
Borden  et  al.,  1995).  Reductions  in  the  concentrations  of  oxidized  chemical  species  that 
are  used  by  microorganisms  to  facilitate  the  oxidation  of  fuel  hydrocarbon  compounds 
within  contaminated  media  are  an  indication  that  contaminants  are  biodegrading. 
Alternately,  an  increase  in  the  metabolic  byproducts  resulting  from  the  reduction  of 
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electron  acceptors  can  be  used  as  an  indicator  of  contaminant  biodegradation.  The 
availability  of  potential  electron  acceptors  to  participate  in  contaminant  biodegradation 
reactions  can  be  used  to  estimate  the  total  contaminant  mass  that  can  be  biodegraded 
over  time  at  this  site.  Coupled  with  the  biodegradation  rates  described  earlier,  this 
information  can  be  used  to  predict  how  much  and  how  quickly  groundwater  COPCs  can 
be  removed  from  saturated  soils  and  groundwater  at  Site  SS-15A  as  a  result  of  natural 
processes. 

6.4.1  Relevance  of  Redox  Couples  in  Biodegradation 

Microorganisms  obtain  energy  to  replenish  enzymatic  systems  and  to  reproduce  by 
oxidizing  organic  matter.  Biodegradation  of  all  of  the  groundwater  COPCs  is  the  result 
of  a  series  of  redox  reactions  that  maintain  the  charge  balance  within  the  natural 
environment.  Microorganisms  facilitate  the  degradation  of  these  organic  compounds  by 
transferring  electrons  from  the  electron  donor  (i.e.,  COPCs  and  native  organic  carbon) 
to  available  electron  acceptors.  Electron  acceptors  are  elements  or  compounds  that 
occur  in  relatively  oxidized  states  and  can  participate  in  redox  reactions  involving  these 
available  electron  donors.  Electron  acceptors  known  to  be  present  in  saturated  soil  and 
groundwater  at  Site  SS-15A  are  oxygen,  nitrate/nitrite,  manganese,  sulfate,  ferric  iron, 
and  carbon  dioxide. 

Microorganisms  facilitate  fuel  hydrocarbon  biodegradation  to  produce  energy  for 
their  use.  The  amount  of  energy  that  can  be  released  when  a  reaction  occurs  or  is 
required  to  drive  the  reaction  to  completion  is  quantified  by  the  free  energy  of  the 
reaction  (Stumm  and  Morgan,  1981;  Bouwer,  1994;  Chapelle,  1993;  Godsey,  1994; 
Mueller  et  al.,  1994;  Berg  et  al.,  1994).  Microorganisms  are  able  to  utilize  electron 
transport  systems  and  chemiosmosis  to  combine  energetically  favorable  and  unfavorable 
reactions  to  produce  energy  for  life  processes  (i.e.,  cell  production  and  maintenance). 
Microorganisms  will  facilitate  only  those  redox  reactions  that  will  yield  energy.  By 
coupling  the  oxidation  of  fuel  hydrocarbon  compounds,  which  requires  energy,  to  the 
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reduction  of  other  compounds  (e.g.,  oxygen,  nitrate/nitrite,  manganese,  ferric  iron, 
sulfate,  and  carbon  dioxide),  which  yields  energy,  the  overall  reaction  will  yield 
energy.  Detailed  information  on  the  redox  reactions  required  to  biodegrade  each  of  the 
groundwater  COPCs  is  included  in  Appendix  B.  The  reader  is  encouraged  to  review 
this  information  to  more  fully  understand  the  chemical  basis  of  biodegradation. 

Figure  6.1  illustrates  the  sequence  of  microbially  mediated  redox  processes  based  on 
the  amount  of  free  energy  released  for  microbial  use.  In  general,  reactions  yielding 
more  energy  tend  to  take  precedence  over  processes  that  yield  less  energy  (Stumm  and 
Morgan,  1981;  Godsey,  1994;  Reinhard,  1994).  As  Figure  6.1  shows,  oxygen 
reduction  would  be  expected  to  occur  in  an  aerobic  environment  with  microorganisms 
capable  of  aerobic  respiration  because  oxygen  reduction  yields  significant  energy 
(Bouwer,  1992;  Chapelle,  1993).  However,  once  the  available  oxygen  is  depleted  and 
anaerobic  conditions  dominate  the  interior  regions  of  the  contaminant  plume,  anaerobic 
microorganisms  can  utilize  other  electron  acceptors  in  the  following  order  of 
preference:  nitrate/nitrite,  manganese,  ferric  iron,  sulfate,  and  finally  carbon  dioxide. 
Each  successive  redox  reaction  provides  less  energy  to  the  system,  and  each  step  down 
in  redox  energy  yield  would  have  to  be  paralleled  by  an  ecological  succession  of 
microorganisms  capable  of  facilitating  the  pertinent  redox  reactions. 

The  expected  sequence  of  redox  processes  can  be  estimated  by  the 
oxidation/reduction  potential  (ORP)  of  the  groundwater.  The  ORP  measures  the 
relative  tendency  of  a  solution  or  chemical  reaction  to  accept  or  transfer  electrons.  The 
ORP  of  the  groundwater  can  be  measured  in  the  field.  This  measurement  can  be  used 
as  a  crude  indicator  of  which  redox  reactions  may  be  operating  at  a  site.  High  ORPs 
mean  that  the  solution  (or  available  redox  couple)  has  a  relatively  high  oxidizing 
potential. 
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1.  These  reactions  would  be  expected  to  occur  in 
sequence  if  the  system  is  moving  toward 
equilibrium. 

2.  These  redox  processes  occur  in  order  of  their 
energy-yielding  potential  (provided  microorganisms 
are  available  to  mediate  a  specific  reaction).  Re¬ 
duction  of  a  highly  oxidized  species  decreases  the 
ORP  of  the  system. 

FIGURE  6.1 

3.  The  ORP  of  the  system  determines  which  electron 
acceptors  are  available  for  organic  carbon  oxidation. 

SEQUENCE  OF  MICROBIALLY 
MEDIATED  REDOX  PROCESSES 

4.  Redox  reaction  sequence  is  paralleled  by  an 
ecological  succession  of  biological  mediators. 
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Microorganisms  can  only  facilitate  the  biodegradation  (oxidation)  of  the  fuel 
hydrocarbon  compounds  using  redox  couples  that  have  a  higher  ORP  than  the 
contaminants.  Appendix  B  includes  tables  that  show  that  redox  couples  including 
nitrate,  oxygen,  ferric  iron,  sulfate,  and  carbon  dioxide  all  have  higher  oxidizing 
potentials  than  the  redox  couples  including  the  fuel  hydrocarbon  COPCs.  This  is  why 
these  electron  acceptors  can  be  used  to  oxidize  the  fuel  hydrocarbon  compounds.  The 
reduction  of  highly  oxidized  species  results  in  an  overall  decrease  in  the  ORP  of  the 
groundwater.  As  shown  in  Figure  6.1,  the  reduction  of  oxygen  and  nitrate  will  reduce 
the  oxidizing  potential  to  levels  at  which  ferric  iron  (Fe3+)  reduction  can  occur.  As 
each  chemical  species  that  can  be  used  to  oxidize  the  contaminants  is  exhausted,  the 
microorganisms  are  forced  to  use  other  available  electron  acceptors  with  lower 
oxidizing  capacity.  When  sufficiently  low  (negative)  ORP  levels  have  been  developed 
as  a  result  of  these  redox  reactions,  sulfate  reduction,  and  methanogenesis  can  occur 
almost  simultaneously  (Stumm  and  Morgan,  1981).  1 

ORP  values  measured  in  shallow  groundwater  at  Site  SS-15A  in  October  1997 
ranged  from  +127  to  -240  millivolts  (mV)  (Figures  6.1  and  6.2  and  Table  6.4).  Areas 
with  the  lowest  ORP  measurements  generally  coincided  with  the  presence  of  fuel- 
contaminated  groundwater,  indicating  that  the  progressive  use  of  electron  acceptors  in 
the  order  shown  on  Figure  6. 1  has  caused  the  groundwater  in  the  contaminated  areas  to 
become  more  reducing.  These  data  imply  that  oxygen,  nitrate,  manganese,  and  ferric 
iron  may  be  used  to  biodegrade  fuel  hydrocarbon  contaminants  at  this  site.  However, 
many  authors  have  noted  that  field  ORP  data  alone  cannot  be  used  to  reliably  predict  all 
of  the  electron  acceptors  that  may  be  operating  at  a  site,  because  the  platinum  electrode 
probes  are  not  sensitive  to  some  redox  couples  (e.g.,  sulfate/sulfide)  (Stumm  and 
Morgan,  1981;  Godsey,  1994;  Lovley  et  al.,  1994).  Analytical  data  on  oxidized  and 
reduced  species  are  presented  in  the  following  subsections  to  verify  which  electron 
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TABLE  6.4 

GROUNDWATER  GEOCHEMICAL  DATA 
OCTOBER  1997 
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acceptors  are  actually  being  used  to  biodegrade  the  groundwater  COPCs  in  saturated 
soil  and  groundwater  at  Site  SS-15A. 

6.4.2  Dissolved  Oxygen  Concentrations 

Almost  all  types  of  fuel  hydrocarbons  can  be  biodegraded  under  aerobic  conditions 
(Borden,  1994).  Mineralization  of  fuel  hydrocarbons  to  carbon  dioxide  and  water 
under  aerobic  conditions  involves  the  use  of  oxygen  as  a  cosubstrate  during  the  initial 
stages  of  metabolism,  and  as  a  terminal  electron  acceptor  during  the  later  stages  of 
metabolism  for  energy  production  (Higgins  and  Gilbert,  1978;  Gibson  and 
Subramanian,  1984;  Young,  1984).  The  reduction  of  molecular  oxygen  during  the 
oxidation  of  the  fuel  hydrocarbon  compounds  yields  a  significant  amount  of  free  energy 
that  the  microorganisms  could  utilize. 

DO  concentrations  were  measured  at  groundwater  sampling  locations  in  October 
1997.  Table  6.4  and  Figure  6.3  present  the  analytical  results  for  DO  by  sampling 
location.  As  shown  on  the  figure,  DO  concentrations  were  uniformly  low  at  all 
sampling  locations,  with  the  highest  concentration  (2.1  mg/L)  measured  at  AP10-10. 
The  low  magnitude  of  DO  concentrations  in  upgradient  monitoring  wells  (located 
northwest  of  the  apron  lines)  indicates  that  background  DO  concentrations  in  shallow 
groundwater  are  low  (0.2  to  0.6  mg/L),  and  that  oxygen  is  not  currently  a  significant 
electron  acceptor  during  microbially  mediated  degradation  of  fuel  hydrocarbons  at  Site 
SS-15A. 

6.4.3  Dissolved  Nitrate  Concentrations 

Because  anaerobic  conditions  generally  prevail  in  the  site  groundwater,  nitrate  can 
be  used  as  an  electron  acceptor  by  indigenous  facultative  anaerobes  mineralize  fuel 
hydrocarbon  compounds  via  either  denitrification  or  nitrate  reduction  processes. 
Concentrations  of  nitrate  (as  nitrogen  [N])  measured  at  the  site  in  October  1997  are 
summarized  in  Table  6.4  and  depicted  on  Figure  6.4.  Background  nitrate  (as  N) 
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concentrations  measured  in  upgradient  to  cross-gradient  wells  AP10-MW110,  AP11- 
MW95,  AP17-MW99,  AP22-MW111,  and  AP26-MW112  ranged  from  0.18J  mg/L  to 
2.0  mg/L  and  averaged  0.76  mg/L.  Conversely,  nitrate  (as  N)  concentrations  measured 
in  source  area  wells  exhibiting  dissolved  fuel  contamination  (AP10-MW9,  AP11- 
MW14,  AP17-MW40,  AP22-MW63,  and  AP26-MW75)  ranged  from  0.058J  mg/L  to 
0.98  mg/L  and  averaged  0.27  mg/L.  These  data  indicate  that  dissolved  nitrate 
concentrations  within  the  contaminant  plumes  are  slightly  depleted  relative  to  measured 
background  concentrations  at  the  five  apron  lines  sampled.  The  results  indicate  that 
nitrate  is  being  used  to  oxidize  fuel  hydrocarbons  in  the  anaerobic  core  of  the  dissolved 
plumes  via  denitrification  or  nitrate  reduction.  The  use  of  nitrate  as  an  electron 
acceptor  in  microbially  facilitated  redox  reactions  is  consistent  with  the  range  of  ORP 
values  measured  at  the  sampled  apron  lines  (Figure  6.1).  However,  the  low 
background  nitrate  (as  N)  concentrations  appear  to  limit  the  importance  of  this 
degradation  reaction  at  Site  SS-15A. 

6.4.4  Ammonia 

The  presence  of  ammonia  in  groundwater  can  result  from  either  nitrate  reduction 
(facilitated  by  microbes)  or  fixing  of  atmospheric  nitrogen  (also  a  microbial  process). 
Nitrate  is  not  widespread  in  groundwater  within  the  aquifer;  however,  the  fixation  of 
atmospheric  nitrogen  may  occur  under  the  anaerobic,  methanogenic  conditions 
observed  at  the  site.  The  presence  of  ammonia  in  groundwater  is  a  strong  indication  of 
microbial  activity. 

Ammonia  concentrations  measured  in  groundwater  samples  collected  in  October 
1997  are  summarized  in  Table  6.4.  Ammonia  was  detected  in  all  but  one  (AP10- 
MW10)  of  the  samples  analyzed.  Ammonia  concentrations  detected  in  shallow 
groundwater  varied  across  the  site,  with  generally  elevated  ammonia  concentrations 
occurring  in  (but  not  limited  to)  source  areas.  Therefore,  production  of  ammonia 
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appears  to  be  occurring  at  higher  rates  in  the  source  areas  due  to  increased  microbial 
activity  stimulated  by  the  relative  abundance  of  organic  carbon  (fuel  hydrocarbons). 

As  described  in  Section  6.4.3,  nitrate  concentrations  detected  in  October  1997  did 
not  exceed  2  mg/L,  while  ammonia  concentrations  ranged  up  to  24  mg/L.  The 
disparity  between  these  values  indicates  that  the  nitrate  deficit  at  the  site  in  shallow 
portions  of  the  surficial  aquifer  is  being  overcome  by  microbial  communities  that  fix 
atmospheric  nitrogen. 

Ammonia  was  detected  at  a  low  concentration  (0.4  mg/L)  in  the  intermediate  depth 
well  AP26-DW2.  The  low  magnitude  of  this  detection  indicates  that  little  microbial 
activity  is  occurring  in  the  deeper  groundwater,  which  is  consistent  with  the  results  of 
other  electron  acceptor  and  metabolic  byproduct  measurements  at  this  well.  These 
results  also  indicate  that  little  organic  substrate  (including  fuel  hydrocarbons)  is  present 
in  the  deeper  groundwater  at  this  location,  consistent  with  previous  groundwater 
sampling  results  for  this  location  (OHM,  1996a). 

6.4.5  Manganese  Concentrations 

Manganese  also  can  be  used  as  an  electron  acceptor  to  facilitate  the  oxidation  of  the 
fuel  hydrocarbon  groundwater  COPCs  under  anaerobic  and  slightly  reducing 
conditions.  As  shown  on  Figure  6.1,  manganese  reduction  can  be  microbially 
facilitated  in  groundwater  conditions  similar  to  those  required  to  support  denitrification. 
The  reduction  of  manganese  during  the  oxidation  of  fuel  hydrocarbon  compounds  yields 
essentially  as  much  free  energy  to  the  system  as  aerobic  respiration.  Under  anaerobic 
and  slightly  reducing  groundwater  conditions,  manganese  reduction  is  the  second-most 
energetically  favorable  redox  reaction  that  can  be  used  to  oxidize  (degrade)  fuel 
hydrocarbon  compounds. 

Reduced  forms  of  manganese  were  measured  at  groundwater  sampling  locations  in 

October  1997.  Reduced  forms  of  manganese  would  be  produced  locally  if  oxidized 
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forms  of  manganese  were  being  used  as  electron  acceptors  to  oxidize  other  compounds, 
such  as  fuel  hydrocarbons.  As  shown  on  Table  6.4,  reduced  manganese  was  detected  at 
only  low  concentrations  (maximum  0.2  mg/L).  Although  the  ORP  data  collected  at  the 
site  imply  that  manganese  could  be  involved  in  fuel  hydrocarbon  degradation  reactions, 
the  lack  of  significant  background  concentrations  of  manganese  minimizes  the  potential 
importance  of  this  degradation  reaction  at  Site  ST-15A. 

6.4.6  Ferrous  Iron  Concentrations 

Although  relatively  little  is  known  about  the  anaerobic  metabolic  pathways  involving 
the  reduction  of  ferric  iron  (Fe3+),  this  process  has  been  shown  to  be  a  major  metabolic 
pathway  for  some  microorganisms  (Lovley  and  Phillips,  1988;  Chapelle,  1993). 
Elevated  concentrations  of  ferrous  iron  (Fe2+)  often  are  found  in  anaerobic,  fuel- 
contaminated  groundwater  systems.  Concentrations  of  dissolved  ferrous  iron  once  were 
attributed  to  the  spontaneous  and  reversible  reduction  of  ferric  oxyhydroxides,  which 
are  thermodynamically  unstable  in  the  presence  of  organic  compounds  such  as  benzene. 
However,  more  recent  studies  suggest  that  the  reduction  of  ferric  iron  cannot  proceed  at 
all  without  microbial  mediation  (Lovley  and  Phillips,  1988;  Lovley  et  al.,  1991; 
Chapelle,  1993).  None  of  the  common  organic  compounds  found  in  low-temperature, 
neutral,  reducing  groundwater  could  reduce  ferric  oxyhydroxides  to  ferrous  iron  under 
sterile  laboratory  conditions  (Lovley  et  al.,  1991).  This  means  that  the  reduction  of 
ferric  iron  to  ferrous  iron  requires  mediation  by  microorganisms  with  the  appropriate 
enzymatic  capabilities. 

To  determine  if  ferric  iron  is  being  used  as  an  electron  acceptor  for  fuel 
biodegradation  at  Site  SS-15A,  ferrous  (reduced)  iron  concentrations  were  measured  at 
groundwater  sampling  locations.  Figure  6.5  presents  the  analytical  results  for  ferrous 
iron  in  groundwater  at  this  site.  Slightly  elevated  ferrous  iron  concentrations  (relative 
to  background  concentrations  measured  northwest  of  the  apron  lines)  were  detected  in 
wells  AP11-MW16,  AP26-MW75,  and  AP22-MW63.  These  wells  are  located  adjacent 
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to  or  near  valve  boxes  and  contained  dissolved  fuel  contamination.  The  detected 
ferrous  iron  concentrations  ranged  from  0.35  mg/L  to  3.05  mg/L  and  averaged  1.55 
mg/L.  Background  ferrous  iron  concentrations,  inferred  using  analytical  results  from 
wells  AP11-MW95,  AP26-MW112,  and  AP22-MW111,  ranged  from  0.18  to  2.40 
mg/L  and  averaged  0.92  mg/L.  Background  ferrous  iron  concentrations  measured  at 
apron  lines  AP-10  and  AP-17  were  similar  to  those  measured  near  valve  boxes.  The 
occurrence  of  elevated  ferrous  iron  concentrations  measured  within  contaminated  areas 
indicates  that  ferric  iron  is  acting  as  an  electron  acceptor  at  these  locations.  In  addition, 
the  measured  ORP  of  the  groundwater  at  this  site  are  within  the  range  that  would  be 
expected  for  the  ferric  iron-reducing  conditions  implied  by  the  observed  ferrous  iron 
distributions  (Figure  6.1). 

6.4.7  Sulfate  Concentrations 

Sulfate  also  may  be  used  as  an  electron  acceptor  during  microbial  degradation  of  the 
fuel  hydrocarbon  COPCs  under  anaerobic  conditions  (Grbic-Galic,  1990).  Sulfate  can 
be  reduced  to  sulfide  during  the  oxidation  of  the  fuel  hydrocarbon  compounds.  The 
presence  of  decreased  concentrations  of  sulfate  (and  possibly  increased  concentrations 
of  sulfide)  in  the  source  area  relative  to  background  concentrations  indicates  that  sulfate 
may  be  participating  in  redox  reactions  at  the  site.  To  investigate  the  potential  for 
sulfate  reduction  at  Site  SS-15A,  sulfate  and  sulfide  concentrations  were  measured 
during  the  October  1997  groundwater  sampling  event. 

Table  6.4  and  Figure  6.6  show  the  analytical  results  for  sulfate  and  sulfide  in 
groundwater  at  Site  SS-15A.  In  general,  areas  characterized  by  elevated  concentrations 
of  dissolved  COPCs  are  depleted  in  sulfate  concentrations  relative  to  measured 
background  concentrations.  Significant  depletion  of  sulfate  in  source  area  well  AP22- 
MW63  was  not  observed,  however.  Background  concentrations  of  sulfate  at  the  site 
ranged  from  19.25  mg/L  at  well  AP26-MW112  to  37.1  mg/L  at  AP22-MW111.  With 
the  exception  of  well  AP22-MW3,  sulfate  concentrations  measured  at  wells  having 
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detectable  levels  of  dissolved  fuel  hydrocarbons  ranged  from  5.36  mg/L  at  well  API  1- 
MW16  to  2.05  mg/L  at  well  AP26-MW116.  This  general  depletion  of  sulfate  within 
the  contaminated  areas  indicates  that  this  compound  is  acting  as  an  electron  acceptor 
during  fuel  biodegradation  reactions. 

Figure  6.6  also  shows  that  elevated  concentrations  of  sulfide,  which  can  be  produced 
when  sulfate  is  reduced  during  fuel  hydrocarbon  oxidation,  generally  coincide  with 
depleted  sulfate  concentrations  and  elevated  fuel  hydrocarbon  concentrations.  The 
apparent  production  of  sulfide  within  the  contaminated  area  supports  the  observation 
that  microbial  populations  are  using  sulfate  to  oxidize  fuel  hydrocarbons  at  the  site. 

The  measured  ORPs  of  the  groundwater  at  this  site  are  not  within  the  range  that 
would  be  expected  for  the  sulfate-reducing  conditions  implied  by  the  observed  sulfate 
and  sulfide  distributions.  However,  as  described  in  Section  6.4.1,  field  ORP  data  alone 
cannot  be  used  to  reliably  predict  the  electron  acceptors  that  may  be  operating  at  a  site. 

6.4.8  Dissolved  Methane  Concentrations 

On  the  basis  of  free  energy  yield  and  the  oxidizing  potential  of  the  site  groundwater, 
the  carbon  dioxide/methane  (CO2/CH4)  redox  couple  also  could  be  used  to  oxidize  fuel 
hydrocarbon  compounds  to  carbon  dioxide  and  water  once  the  groundwater  is 
sufficiently  reducing.  To  attain  these  reducing  levels,  other  highly  oxidizing  chemical 
species  such  as  oxygen,  nitrate,  ferric  iron,  and  sulfate  must  first  be  reduced.  This 
redox  reaction  is  called  methanogenesis  or  methane  fermentation.  Methanogenesis 
yields  the  least  free  energy  to  the  system  in  comparison  to  other  chemical  species 
(Figure  6.1  and  Appendix  B).  The  presence  of  methane  in  groundwater  at  elevated 
concentrations  relative  to  background  concentrations  is  a  good  indicator  of  methane 
fermentation. 

Dissolved  methane  was  measured  at  groundwater  monitoring  wells  sampled  during 

the  October  1997.  Table  6.4  and  Figure  6.7  present  the  analytical  data  for  methane. 
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Methane  concentrations  detected  at  or  adjacent  to  contaminant  source  areas  at  several 
apron  lines  were  substantially  elevated  relative  to  background  concentrations.  At  apron 
lines  AP-10,  AP-11,  AP-17,  and  AP-22,  maximum  methane  concentrations  ranged 
from  61  pg/L  to  2,500  pg/L  and  averaged  1,590  pg/L.  In  contrast,  background 
concentrations  at  these  same  apron  lines  ranged  from  not  detected  (<0.05  pg/L)  to  240 
pg/L  and  averaged  64  pg/L.  The  presence  of  elevated  methane  levels  in  groundwater 
at  Site  SS-15A  strongly  indicates  that  biodegradation  is  occurring  via  methanogenesis. 

Although  well  AP26-MW112  appears  to  be  located  hydraulically  upgradient  from 
the  suspected  source  area  (valve  box  1),  the  groundwater  sample  from  this  well 
contained  methane  at  1,600  pg/L.  However,  the  detection  of  low  concentrations  of 
several  PAHs  at  this  location  in  October  1997  indicates  that  some  contamination  has 
migrated  from  Valve  Box  1  to  this  well,  and  may  explain  the  presence  of  methane. 
The  low  concentration  of  methane  (0.28J  pg/L)  detected  at  the  intermediate-depth  well 
DW-2  indicates  that  methanogenesis  is  not  a  significant  process  deeper  in  the  surficial 
aquifer. 

6.4.9  pH 

The  pH  of  groundwater  samples  collected  from  groundwater  monitoring  points  and 
monitoring  wells  in  October  1997  was  measured  (Table  6.4).  The  pH  of  a  solution  is 
the  negative  logarithm  of  the  hydrogen  ion  concentration  [H+].  Groundwater  pH  values 
measured  at  the  site  were  relatively  neutral,  ranging  from  6.68  to  7.18  standard  units. 
This  range  of  pH  is  within  the  optimal  range  for  fuel  hydrocarbon-degrading  microbes 
of  6  to  8.  The  limited  and  relatively  neutral  range  of  pHs  also  indicates  that  microbial 
reactions  have  a  minimal  effect  on  groundwater  pH,  likely  due  to  the  moderately  high 
alkalinity  of  site  groundwater. 


6-34 


022/73 1298/14.DOC 


6.4.10  Temperature 

Groundwater  temperature  was  measured  at  groundwater  monitoring  points  and 
monitoring  wells  in  October  1997  (Table  6.4).  Temperature  affects  the  types  and 
growth  rates  of  bacteria  that  can  be  supported  in  the  groundwater  environment,  with 
higher  temperatures  generally  resulting  in  higher  growth  rates.  The  temperature  of 
groundwater  samples  collected  from  the  shallow  monitoring  wells  varied  from 
27.6  degrees  Celsius  (°C)  to  30.4°C.  These  relatively  warm  temperatures  should 
promote  microbial  growth  and  may  enhance  rates  of  hydrocarbon  biodegradation. 

6.5  THEORETICAL  ASSIMILATIVE  CAPACITY  ESTIMATES 

The  preceding  discussions  have  been  devoted  to  determining  if  fuel  hydrocarbon 
COPCs  are  biodegrading  in  saturated  soils  and  groundwater  at  Site  SS-15A.  Analytical 
data  on  reduced  and  oxidized  chemical  species  indicate  that  indigenous  microorganisms 
are  facilitating  the  oxidation  of  fuel  hydrocarbons  and  the  reduction  of  electron 
acceptors  to  generate  free  energy  for  cell  maintenance  and  production.  The  question  of 
how  much  contaminant  mass  can  be  biodegraded  must  be  addressed  to  assess  the  full 
potential  for  long-term  intrinsic  bioremediation  to  minimize  plume  size  and  mass  over 
time,  and  to  eventually  reduce  COPC  concentrations  to  at  least  Tier  2  SSTLs  (Section 
7). 


Mass  balance  relationships  can  be  used  to  determine  how  much  contaminant  mass 
can  be  degraded  by  each  of  the  redox  reactions  that  the  microorganisms  might  use  to 
make  free  energy  available  for  cell  maintenance  and  production.  The  stoichiometric 
relationship  between  the  contaminant  and  the  electron  acceptor  can  be  used  to  estimate 
the  expressed  assimilative  capacity  of  the  groundwater.  Once  the  redox  reactions 
operating  at  the  site  have  been  defined,  it  is  possible  to  estimate  how  much  contaminant 
mass  can  be  assimilated  or  oxidized  by  available  electron  acceptors.  This  analysis, 
when  coupled  with  the  biodegradation  rate  information  discussed  earlier  (Section 
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6.3.4),  provides  the  basis  for  determining  the  potential  for  continued  COPC  mass 
reduction  in  saturated  soils  and  groundwater  at  the  site. 

Appendix  B  presents  the  coupled  redox  reactions  that  represent  the  biodegradation  of 
each  of  the  groundwater  COPCs,  including  the  stoichiometric  mass  ratio  of  electron 
acceptors  needed  to  oxidize  each  of  the  groundwater  COPCs.  These  stoichiometric 
mass  ratios  can  be  used  to  estimate  the  assimilative  capacity  of  the  groundwater  at  Site 
SS-15A.  This  is  accomplished  by  first  determining  the  initial  (background)  mass  of 
each  electron  acceptor  available  in  the  groundwater.  Data  on  these  chemical  species 
were  collected  at  sampling  locations  upgradient  from  and  outside  of  the  dissolved 
plume.  As  groundwater  slowly  migrates  into  the  source  area,  electron  acceptors  are 
brought  into  contact  with  hydrocarbon-degrading  microorganisms  and  site 
contamination.  The  change  in  the  electron  acceptor  mass  from  upgradient  sampling 
locations  to  sampling  locations  within  the  source  area  is  divided  by  the  mass  of  electron 
acceptors  required  to  mineralize  each  of  the  fuel  hydrocarbon  COPCs  to  estimate  the 
expressed  intrinsic  capacity  of  the  groundwater  to  biodegrade  these  compounds. 

Average  estimates  of  the  background  concentrations,  measured  at  five  areas,  of  all  of 
the  electron  acceptors  that  are  being  used  at  the  site  to  biodegrade  fuel  hydrocarbon 
compounds  are  listed  in  Table  6.5.  These  concentrations  are  used  to  calculate  the 
available  or  expressed  assimilative  capacity  of  each  electron  acceptor  for  benzene, 
ethylbenzene,  MTBE,  acenaphthene,  benzo(a)anthracene,  benzo(a)pyrene, 
benzo(b)fluoranthene,  benzo(k)fluoranthene,  and  naphthalene  based  on  the  mass 
stoichiometric  relationships  presented  in  detail  in  Appendix  B.  Table  6.5  also  presents 
the  source  area  concentrations  of  reduced  manganese,  ferrous  iron,  and  methane. 
These  concentrations  are  used  to  “back-calculate”  the  expressed  assimilative  capacity 
that  is  attributable  to  manganese  reduction,  ferric  iron  reduction,  and  methanogenesis. 
On  the  basis  of  these  calculations,  the  saturated  soils  and  groundwater  at  Site  SS-15A 
has  the  intrinsic  capacity  to  eventually  oxidize  an  average  COPC  concentration  of 
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RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 
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approximately  5,320  pg/L.  As  shown  on  Table  6.5,  this  capacity  is  substantially 
higher  than  the  maximum  COPC  concentrations  detected  in  groundwater  at  Site  SS- 
15A. 

This  estimate  essentially  represents  an  upper-bound  estimate  of  the  intrinsic  mass 
reduction  capability  of  the  groundwater  at  Site  SS-15A.  The  estimate  identifies  how 
much  contaminant  mass  can  be  theoretically  oxidized  as  one  pore  volume  travels 
through  the  plume  core.  So,  although  the  capacity  is  expressed  in  pg/L,  the  capacity  is 
actually  an  estimate  of  the  micrograms  of  contaminant  mass  that  can  be  degraded  in  the 
volume  of  groundwater  traveling  through  the  core  plume. 

A  closed  system  containing  2  liters  of  water  can  be  used  to  help  visualize  the 
physical  meaning  of  assimilative  capacity.  Assume  that  the  first  liter  contains  no  fuel 
hydrocarbons,  but  it  contains  fuel-degrading  microorganisms  and  has  an  assimilative 
capacity  of  exactly  “x”  mg  of  fuel  hydrocarbons.  The  second  liter  has  no  assimilative 
capacity;  however,  it  contains  fuel  hydrocarbons.  As  long  as  these  2  liters  of  water  are 
kept  separate,  the  biodegradation  of  fuel  hydrocarbons  will  not  occur.  If  these  2  liters 
are  combined  in  a  closed  system,  biodegradation  will  commence  and  continue  until  the 
fuel  hydrocarbons  are  depleted,  the  electron  acceptors  are  depleted,  or  the  environment 
becomes  acutely  toxic  to  the  fuel-degrading  microorganisms.  Assuming  a  nonlethal 
environment,  if  less  than  “x”  mg  of  fuel  hydrocarbons  are  in  the  second  liter,  all  of  the 
fuel  hydrocarbons  will  eventually  degrade  given  a  sufficient  time;  likewise,  if  greater 
than  “x”  mg  of  fuel  hydrocarbons  were  in  the  second  liter  of  water,  only  “x”  mg  of 
fuel  hydrocarbons  would  ultimately  degrade. 

This  example  shows,  that  in  a  closed  system,  the  measured  expressed  assimilative 
capacity  eventually  should  be  equivalent  to  the  loss  in  contaminant  mass;  however,  the 
groundwater  beneath  a  site  is  an  open  system.  Electron  acceptors  can  continually  enter 
the  system  from  upgradient  flow.  Furthermore,  contaminant  mass  can  be  added  to  the 
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system  through  dissolution  or  leaching  from  LNAPL  or  contaminated  soils.  This 
means  that  the  assimilative  capacity  is  not  fixed  as  it  would  be  in  a  closed  system,  and 
therefore  should  not  be  quantitatively  compared  to  concentrations  of  dissolved 
contaminants  in  the  groundwater.  Rather,  the  expressed  assimilative  capacity  of 
groundwater  is  intended  to  serve  as  a  qualitative  tool.  The  fate  of  COPCs  in 
groundwater  is  dependent  on  the  relationship  between  the  kinetics  of  biodegradation 
and  the  solute  transport  velocities  (Chapelle,  1994). 

6.6  PREDICTING  CONTAMINANT  TRANSPORT  AND  FATE 

Understanding  the  effects  of  natural  physical,  chemical,  and  biological  processes  on 
chemicals  is  an  important  step  in  determining  potential  long-term  risks  associated  with 
chemical  migration  in  the  environment.  The  behavior  of  COPCs  under  the  influence  of 
these  processes  must  be  quantified  to: 

.  Predict  the  rate  at  which  soil  COPCs  could  leach  from  residual  LNAPL  and 
dissolve  into  groundwater; 

•  Assess  the  expected  persistence  and  concentration  of  dissolved  COPCs  over  time 
at  the  site;  and 

•  Estimate  potential  receptor  exposure-point  concentrations. 

If  destructive  and  nondestructive  attenuation  processes  can  minimize  or  eliminate  the 
concentrations  of  COPCs  to  which  a  receptor  could  be  exposed,  engineered  remedial 
action  may  not  be  warranted  because  no  reasonable  completed  exposure  pathway  exists 
or  completion  of  exposure  pathways  involving  groundwater  would  not  result  in 
significant  risks.  The  focus  of  this  final  subsection  is  to  predict  how  COPCs  will  be 
transported  and  transformed  over  time  in  soil  and  groundwater  based  on  site  data  and 
mathematical  solute  transport  calculations  assuming  no  engineered  remedial  action  is 
undertaken  at  Site  SS-15A. 
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6.6.1  Leaching  from  Contaminated  Soils 

Residual  LNAPL  in  saturated  or  seasonally  saturated  soils  at  Site  SS-15A  represents 
a  continuing  source  of  dissolved  groundwater  contamination.  Assessment  of  the  long¬ 
term  impacts  of  contaminant  leaching  from  soil  into  groundwater  is  desirable  to 
determine  the  type  and  magnitude  of  remedial  action  that  is  appropriate  at  the  site. 
Defining  how  groundwater  COPCs  partition  from  saturated  soil  and  dissolve  into 
groundwater  based  on  site  conditions  can  provide  valuable  information  on  predicting 
the  future  persistence  of  COPC  concentrations  in  groundwater  that  exceed  the  Tier  1 
TCLs.  The  major  physical  release  mechanism  for  soils  at  this  site  is  leaching  from 
contaminated  soils  in  direct  contact  with  groundwater,  rather  than  downward 
percolation  of  precipitation  through  unsaturated  soils  because  of  the  continuous  site 
pavement. 

To  assess  the  potential  for  contaminants  to  desorb  from  contaminated  soils  and 
dissolve  into  underlying  groundwater  over  time  at  Site  SS-15A,  a  simple  batch-flushing 
model  was  used.  Two  scenarios  were  considered  based  on  site  conditions.  The  first 
scenario  assumes  that  the  groundwater  is  in  continual  contact  with  contaminated  soil. 
The  second  scenario  assumes  that  the  groundwater  is  in  contact  with  contaminated  soils 
for  only  3  months  each  year,  during  periods  of  high  groundwater  levels.  As  discussed 
previously,  the  groundwater  table  fluctuates  seasonally.  Residual  fuel  contamination 
sorbed  onto  the  soil  matrix  can  be  released  to  groundwater  once  the  soils  are  saturated. 
However,  once  the  groundwater  recedes  from  these  soils,  any  residual  contamination 
that  did  not  partition  from  the  soil  matrix  and  dissolve  into  pore  water  will  be 
effectively  occluded.  In  addition  to  providing  a  release  mechanism  for  sorbed 
contaminants,  the  rising  groundwater  table  also  may  contribute  contaminant  mass  to  the 
now-saturated  soil.  As  a  result,  contamination  is  "smeared"  across  the  soil  during  the 
seasonal  fluctuations.  The  impact  of  residual  LNAPL  in  terms  of  contributing 
contaminant  mass  to  underlying  groundwater  (and  soils)  is  discussed  in  Section  6.6.3. 
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A  site-specific  equilibrium  partitioning  relationship  was  used  to  model  how  the  soil 
COPCs  are  expected  to  leach  from  soils  seasonally  saturated  by  a  rising  groundwater 
table  and  dissolve  into  groundwater.  A  chemical-specific  distribution  partitioning 
coefficient  (K^)  that  is  based  on  site-specific  soil  data  was  used  to  describe  how  much 
COPC  mass  remains  associated  with  the  soil  matrix  and  how  much  COPC  mass  will 
dissolve  into  adjacent  pore  water.  This  was  incorporated  into  the  batch-flushing 
model  in  which  the  total  volume  of  contaminated  soil  is  flushed  with  groundwater. 
Contaminants  sorbed  to  the  soil  matrix  are  predictively  modeled  to  leach  from  the  soil 
into  the  uncontaminated  groundwater.  Contaminants  released  into  the  groundwater  also 
can  migrate  away  or  be  removed  from  the  release  area  via  the  advective  bulk  movement 
of  groundwater  and  in  situ  degradation.  As  contaminant  mass  is  removed  from  the 
groundwater  in  contact  with  soils,  additional  contaminant  mass  can  desorb  from  the 
soils  and  dissolve  into  adjacent  pore  water.  Additional  details  are  contained  in 
Appendix  B. 

The  site-specific  leaching  calculations  for  both  the  seasonal  flush  and  continuous 
flush  are  presented  in  Table  6.6.  Benzene  and  benzo(a)pyrene  were  selected  for 
modeling  because  they  are  the  primary  “risk-drivers”  at  the  site.  In  addition,  the 
mobility  of  these  compounds  in  the  subsurface  environment  differs  greatly.  Benzene 
does  not  adsorb  strongly  to  soils;  therefore,  it  readily  leaches  to  groundwater  and  is 
relatively  mobile  when  dissolved  in  groundwater.  Conversely,  benzo(a)pyrene  adsorbs 
strongly  to  soils  and  does  not  easily  leach  to  groundwater.  This  lack  of  mobility  is 
evidenced  by  the  frequent  detection  of  benzo(a)pyrene  in  soil  samples  near  the  water 
table  in  1994  (OHM,  1995a)  and  the  corresponding  lack  of  benzo(a)pyrene  detections  in 
groundwater  at  the  same  locations. 

The  model  results  suggest  that  the  shallow  soils  at  Site  SS-15A  will  be  a  significant 
but  diminishing  source  of  soil  benzene  mass  to  underlying  groundwater  for  6  to  28 
years.  The  shorter  time  frame  (6  years)  assumes  continuous  flushing  of  soils,  while  the 
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TABLE  6.6 

BATCH  FLUSHING  MODEL  RESULTS  FOR  BENZENE 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 


Pore 

Volume 

Years 

Benzene  Soil 
Concentration  (|!g/kg) 

Benzene  Water 
Concentration  (jrg/L) 

0.00 

0 

1.60  ' 

28.0 

0.06 
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1.42 

24.9 

0.13 
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1.26 

22.1 

0.19 
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1.12 

19.6 
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0.32 
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0.38 
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0.45 
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12.1 

0.51 
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0.61 

10.8 

0.58 
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0.55 

9.6 

0.64 
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0.48 

8.5 

0.70 
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0.43 

7.5 
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0.38 
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0.83 
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0.34 

5.9 
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0.21 

3.7 

1.15 
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0.19 

3.3 

1.22 

19 

0.17 

2.9 

1.28 

20 

0.15 

2.6 

1.34 

21 

0.13 

2.3 

1.41 

22 

0.12 

2.0 

1.47 

23 

0.10 

1.8 

1.54 

24 

0.09 

1.6 

1.60 

25 

0.08 

1.4 

1.66 

26 

0.07 

1.3 

1.73 

27 

0.06 
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1.79 

28 

0.06 

1.0 
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longer  time  frame  assumes  seasonal  flushing  (3  months  per  year  of  saturation).  It 
should  be  emphasized  that  the  batch-flushing  model  simulates  the  decrease  in  soil 
benzene  mass  caused  by  physical  flushing  alone.  In  reality,  the  mass  of  benzene 
adsorbed  to  soil  particles  also  will  diminish  due  to  the  effects  of  biodegradation; 
therefore,  the  6-  to  28-year  time  frame  predicted  by  the  model  is  conservative  and 
represents  worst-case  remedial  time  frames.  A  benzene  source  half-life  that  combines 
the  effects  of  both  physical  flushing  and  biodegradation  was  used  during  the 
BIOSCREEN  modeling  effort  described  in  Section  6.6.3. 

The  batch-flushing  model  results  for  benzo(a)pyrene  indicate  that  residual  soil 
concentrations  of  this  analyte  (resulting  from  physical  flushing  only)  may  be  a 
significant  source  of  contaminant  mass  to  groundwater  for  substantially  more  than 
1,000  years  due  to  the  relative  insolubility  of  this  compound.  Therefore, 
biodegradation  and  not  physical  flushing  will  be  the  primary  mechanism  for  reducing 
benzo(a)pyrene  concentrations  in  soils  over  time. 

6.6.2  Dissolution  From  Mobile  LNAPL 

Mobile  LNAPL  is  not  considered  to  be  a  significant  source  of  dissolved  groundwater 
contamination  at  Site  SS-15A  relative  to  residual  LNAPL  adsorbed  to  soil  particles.  A 
measurable  thickness  of  mobile  LNAPL  was  encountered  only  once  in  single  well  (a 
thickness  of  0.01  foot  was  measured  in  well  AP20-MW50  during  October  1995). 
Since  October  1995,  only  LNAPL  sheens  and/or  globules  have  been  detected  at  various 
times  in  four  groundwater  wells  at  Site  SS-15A  (OHM,  1997). 

6.6.3  Fate  and  Transport  Within  Groundwater  -  BIOSCREEN  Modeling 

BIOSCREEN  is  a  screening  model  that  simulates  RNA  of  dissolved  hydrocarbons  at 
petroleum  fuel  release  sites  (Newell  et  al.,  1997).  The  software  is  based  on  the 
Domenico  (1987)  analytical  solute  transport  model  and  is  designed  to  simulate 
advection,  dispersion,  adsorption,  and  aerobic  decay  as  well  as  anaerobic  reactions  that 
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have  been  shown  to  be  the  dominant  biodegradation  processes  at  many  petroleum 
release  sites. 

BIOSCREEN  includes  three  different  model  types: 

1 .  Solute  transport  without  decay ; 

2.  Solute  transport  with  biodegradation  modeled  as  a  first-order  decay  process 
(simple,  lumped  parameter  approach);  and 

3.  Solute  transport  with  biodegradation  modeled  as  an  “instantaneous” 
biodegradation  reaction. 

The  first  model  is  appropriate  for  predicting  the  movement  of  conservative  (non¬ 
degrading)  solutes  such  as  chloride.  The  only  attenuation  mechanisms  simulated  are 
dispersion  in  the  longitudinal,  transverse,  and  vertical  directions  and  adsorption  of  the 
contaminant  to  the  soil  matrix. 

With  the  second  model,  the  solute  degradation  rate  is  proportional  to  the  solute 
concentration.  This  is  a  conventional  method  for  simulating  biodegradation  in 
dissolved  hydrocarbon  plumes.  With  this  method,  dispersion,  sorption,  and 
biodegradation  parameters  are  lumped  together  in  a  single  calibration  parameter.  The 
first-order  decay  model  does  not  account  for  site-specific  information  such  as  the 
availability  of  electron  acceptors.  In  addition,  it  does  not  assume  any  biodegradation  of 
dissolved  constituents  in  the  source  zone.  In  other  words,  this  model  assumes 
biodegradation  starts  immediately  downgradient  from  the  source. 

Biodegradation  of  organic  contaminants  in  groundwater  is  more  difficult  to  quantify 
using  a  first-order  decay  equation  because  electron  acceptor  limitations  are  not 
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considered.  A  more  accurate  prediction  of  biodegradation  effects  may  be  realized  by 
incorporating  the  instantaneous  reaction  equation  into  a  transport  model.  This  is 
because  the  instantaneous  reaction  model  uses  site-specific  data,  including 
representative  concentrations  of  electron  acceptors  such  as  DO,  nitrate,  and  sulfate,  and 
biodegradation  by-products  such  as  ferrous  iron  and  methane. 

6.6. 3.1  Modeling  Objectives 

The  BIOSCREEN  modeling  was  performed  for  Site  SS-15A  to  accomplish  the 
following  two  objectives: 

•  To  estimate  the  maximum  migration  distance  of  dissolved  benzene  at  the  site  over 
time;  and 

•  To  estimate  how  long  the  maximum  benzene  and  benzo(a)pyrene  concentrations 
in  the  plumes  will  exceed  Tier  1  groundwater  screening  levels. 

The  lateral  migration  potential  of  benzene  was  modeled  because,  of  the  groundwater 
COPCs  identified  in  Section  4,  benzene  is  both  mobile  in  the  groundwater  environment 
and  considered  a  toxic  carcinogen  (has  the  lowest  Table  V  TCL  of  any  of  the  volatile 
COPCs).  Therefore,  benzene  will  likely  be  a  primary  “risk-driver”  at  this  site.  The 
lateral  migration  potential  of  benzo(a)pyrene  was  also  modeled.  Benzo(a)pyrene  also 
will  likely  be  a  “risk-driver”  due  to  its  relative  recalcitrance. 

6.6.3.2  Model  Input  Data 

Input  data  for  the  BIOSCREEN  model  include  groundwater  velocity,  aquifer 
dispersivity,  a  contaminant  retardation  factor,  a  contaminant  decay  coefficient, 
dissolved  contaminant  concentrations  in  the  source  area,  a  half-life  of  the  contaminant 
source,  and  the  dimensions  of  the  source  zone.  Each  of  these  input  values  is  described 
in  more  detail  below. 
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Groundwater  Velocity.  The  advective  groundwater  velocity  beneath  the  site  is 
based  on  site-specific  hydraulic  conductivity  and  hydraulic  gradient  data,  and  an 
estimated  effective  porosity  of  20  percent  based  on  published  values  for  sand  (Driscoll, 
1986).  The  hydraulic  conductivity  value  used  in  the  model  (0.011  cm/sec)  is  the 
average  value  calculated  from  slug  test  data  collected  from  10  monitoring  wells  at  Site 
SS-15A  in  December  1994  (OHM,  1995a).  The  average  site-wide  hydraulic  gradient 
value  used  in  the  model  (9  x  10-5  ft/ft)  is  derived  from  the  groundwater  elevation  data 
collected  in  December  1994.  The  resulting  value  of  advective  groundwater  velocity 
calculated  by  BIOSCREEN  is  5.1  ft/yr . 

Dispersivity.  Dispersion  refers  to  the  process  whereby  a  plume  will  spread  out  in  a 
longitudinal  direction  (along  the  direction  of  groundwater  flow),  transversely 
(perpendicular  to  groundwater  flow),  and  vertically  downward  due  to  mechanical 
mixing  and  chemical  diffusion  in  the  aquifer.  The  longitudinal  and  transverse 
dispersivities  of  4.1  feet  and  0.4  feet,  respectively,  used  in  the  model  were  calculated 
by  BIOSCREEN  from  an  estimated  plume  length  of  50  feet.  The  vertical  dispersivity 
was  set  to  0. 

Retardation.  Retardation  of  contaminants  relative  to  the  advective  velocity  of  the 
groundwater  occurs  when  contaminant  molecules  are  sorbed  to  organic  carbon,  silt,  or 
clay  particles  in  the  aquifer  matrix.  Increasing  the  retardation  coefficient  decreases  the 
contaminant  migration  velocity  relative  to  the  advective  groundwater  velocity,  and 
allows  more  time  for  biodegradation  to  occur  along  a  given  travel  path.  The  average 
TOC  concentration  in  two  soil  samples  collected  upgradient  from  apron  line  AP26  is 
0.072  percent.  Using  the  site  fraction  organic  carbon  of  0.00072,  an  estimated  soil 
bulk  density  of  1.7  kilograms  per  liter  (kg/L),  and  a  partition  coefficient  for  benzene  of 
79  liters  per  kilogram  (L/kg)  (Wiedemeier  et  al.,  1996),  an  average  retardation 
coefficient  of  approximately  1.5  was  calculated  for  benzene  at  the  site  (Table  6.7).  An 
average  retardation  coefficient  of  approximately  16,000  for  benzo(a)pyrene  was 
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calculated  based  on  site-specific  TOC  data,  the  estimated  bulk  density  and  effective 
porosity  values  described  above,  and  a  compound-specific  partitioning  coefficient 
derived  from  the  literature  (Montgomery,  1996). 

First-Order  Decay  Coefficient  (Solute  Half-Life).  BIOSCREEN  uses  the  first- 
order  decay  coefficient  to  simulate  biodegradation  of  dissolved  contaminants  after  they 
have  migrated  downgradient  from  the  source  area.  The  first-order  decay  coefficient 
equals  the  half-life  of  the  contaminant  divided  by  0.693.  The  half-life  of  benzene 
published  in  literature  typically  ranges  from  0.02  to  2  years  (Newell  et  al.,  1996; 
Wiedemeier  et  al .,  1995).  As  described  in  Section  6.3.3,  the  method  of  Buschek  and 
Alcantar  (1995)  for  a  shrinking  plume  (declining  contaminant  concentrations)  was  used 
to  calculate  first-order  decay  rates  for  benzene  from  site-specific  data.  Using 
groundwater  monitoring  data  from  1995  through  October  1997,  calculated  decay  rates 
ranged  from  0.0011  dayl  (half-life  of  1.7  years)  to  0.0048  dayl  (half-life  of  0.4 
year),  with  an  average  value  of  0.002  day*  (half-life  of  0.8  year).  The  BIOSCREEN 
model  was  run  once  using  the  site-specific  average  benzene  decay  rate. 

As  described  in  Section  6.3.3,  insufficient  site-specific  data  were  available  to 
calculate  a  site-specific  first-order  decay  coefficient  for  dissolved  benzo(a)pyrene. 
Aronson  and  Howard  (1997)  report  that,  in  general,  PAHs  are  thought  to  be  resistant 
to  anaerobic  biodegradation  in  groundwater.  These  authors  cite  the  results  of  a  field 
study  (Godsey  et  al.,  1992)  in  Pensacola,  Florida  where  an  anaerobic  decay  rate  of 
0.004  dayl  was  determined  for  acenaphthene  in  methanogenic  groundwater  (similar  to 
Site  SS-15A).  A  rate-constant  range  for  acenaphthene  of  0  (no  degradation)  to  0.004 
dayl  was  derived  by  Aronson  and  Howard  (1997).  For  BIOSCREEN  modeling 
purposes,  a  benzo(a)pyrene  decay  rate  of  0.002  dayl  (the  average  site-specific  decay 
coefficient  determined  for  naphthalene,  and  the  midpoint  of  the  range  for  acenaphthene 
described  above),  was  used  for  Site  SS-15A.  The  BIOSCREEN  model  results  are 
relatively  insensitive  to  the  precise  magnitude  of  the  solute  decay  coefficient  because 
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the  simulated  solute  concentrations  over  time  are  much  more  dependent  on  the  source 
decay  rate  than  the  solute  decay  rate,  which  is  the  case  for  benzene  and  benzo(a)pyrene. 

Source  Area  Dimensions  and  Concentrations.  BIOSCREEN  assumes  a  source 
represented  by  a  vertical  plane  perpendicular  to  groundwater  flow.  The  cross-sectional 
area  of  the  vertical  plane  was  estimated  from  the  soil  data  collected  in  1994  (OHM, 
1995a).  The  width  of  the  source  area  was  estimated  to  be  20  feet,  and  the  thickness  of 
the  contaminated  soil  interval  was  estimated  to  be  5  feet.  The  maximum  benzene  and 
benzo(a)pyrene  concentrations  (28  pg/L  and  5  pg/L,  respectively)  detected  in 
groundwater  samples  collected  in  October  1997  were  used  as  model  inputs  for  initial 
source  concentrations. 

Source  Half-Life  and  Source  Mass.  BIOSCREEN  incorporates  an  approximation 
for  a  declining  source  concentration  over  time.  The  declining  source  term  assumes  that 
the  mass  of  contaminant  in  the  source  area  dissolves  slowly  as  fresh  groundwater  passes 
through,  and  that  the  change  in  source  zone  concentration  can  be  approximated  as  a 
first-order  decay  process.  The  model  will  compute  an  estimated  source  half-life  due  to 
physical  flushing  (dissolution)  of  adsorbed  contaminants  into  the  groundwater  over  time 
given  the  estimated  mass  of  contaminant  present  in  the  source  area.  However,  this 
half-life  does  not  account  for  the  effects  of  source  biodegradation,  which  also  reduces 
the  source  mass  via  destructive  attenuation  processes.  Therefore,  the  average  site- 
specific  solute  biodegradation  rate  for  benzene  (0.002  dayl)  was  combined  with  the 
source  decay  rate  attributable  to  physical  flushing  derived  from  the  batch-flushing 
model  assuming  3  months  of  flushing  per  year  (0.0003  day*)  to  derive  a  total  source 
decay  rate  for  use  in  the  BIOSCREEN  simulations. 

Benzene  was  not  detected  in  soil  samples  collected  in  1994,  and  was  detected  at  a 
estimated  maximum  concentration  of  2.7  pg/kg  in  samples  collected  in  1997;  however, 
the  detection  limit  was  often  elevated  due  to  sample  dilution.  Assuming  that  the 
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average  benzene  concentration  in  source  area  soils  is  equal  to  the  regular  reporting  limit 
for  this  compound  of  5  pg/kg,  and  assuming  36  cubic  meters  of  contaminated  soil  in  the 
source  (equivalent  to  a  cylinder  with  a  diameter  of  20  feet  and  a  height  of  4  feet),  an 
initial  source  area  benzene  mass  of  0.00036  kg  was  estimated. 

A  tota  source  decay  rate  incorporating  the  effects  of  biodegradation  and  physical 
flushing  (negligible  for  this  analyte)  also  was  estimated  for  benzo(a)pyrene.  The  source 
decay  rate  could  not  be  confidently  estimated  using  the  soil  quality  results  for  the  three 
locations  that  were  sampled  in  both  1994  and  1997  (see  Section  5.4)  due  to  the 
variability  of  the  data.  Howard  (1991)  reported  half-lives  for  benzo(a)pyrene  in 
anaerobic  soils  of  228  days  to  5.8  years.  The  most  conservative  half-life  (5.8  years) 
was  used  for  the  benzo(a)pyrene  source  half-life  in  the  BIOSCREEN  simulations. 

An  initial  soil  benzo(a)pyrene  concentration  was  back-calculated  from  the  maximum 
dissolved  benzo(a)pyrene  concentration  in  groundwater  using  a  compound-specific 
distribution  coefficient  (Appendix  B).  Assuming  36  cubic  meters  of  contaminated  soil 
in  the  source  (equivalent  to  a  cyliner  with  a  diameter  of  20  feet  and  a  height  of  4  feet), 
the  dissolvable  mass  of  benzo(a)pyrene  in  the  source  areas  in  October  1997  was 
estimated  to  be  0.72  kg  based  on  an  estimated  distribution  coefficient  of  2000  L/kg. 

Instantaneous  Reaction  Data.  The  instantaneous  reaction  model  in  BIOSCREEN 
uses  field  data  for  electron  acceptors  to  calculate  a  biodegradation  rate.  The  input  data 
include  the  change  in  DO,  nitrate,  and  sulfate  concentrations  between  the  source  areas 
of  the  plume  and  an  upgradient,  background  area  and  the  observed  ferrous  iron  and 
methane  concentrations  in  the  source  area  of  the  plume.  Assuming  that  the 
biodegradation  of  benzene  has  produced  25  percent  of  the  reaction  byproducts  (and  the 
biodegradation  of  toluene,  ethylbenzene,  and  xylenes  the  other  75  percent),  25  percent 
of  the  average  concentrations  of  the  reaction  by-products  measured  in  October  1997 
were  used  as  input  for  the  instantaneous  reaction  model.  The  reaction  stoichiometry 
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used  by  the  instantaneous  reaction  model  to  simulate  the  fate  and  transport  of  BTEX 
compounds  was  revised  to  include  the  appropriate  values  for  benzo(a)pyrene  prior  to 
simulation  of  this  compound. 

6.6. 3.3  Model  Calibration 

The  model  was  calibrated  by  comparing  simulation  results  for  dissolved  benzene  in 
source  areas  with  three  years  (1994  through  1997)  of  groundwater  monitoring  results. 
The  model  was  run  for  three  source  area  wells  (AP12-MW21,  AP12-MW24,  and 
AP16-MW39)  with  relatively  high  benzene  concentrations  detected  in  groundwater 
samples  collected  during  the  year  1,  first  quarter,  MO  event  (October  1995).  Plots  of 
both  simulated  and  field-measured  dissolved  benzene  concentrations  versus  time 
indicate  a  reasonable  correlation  in  light  of  the  relatively  erratic  temporal  variations  in 
dissolved  benzene  concentrations  observed  during  the  MO  events.  Field  data  from  MO 
events  performed  during  times  of  relatively  high  groundwater  levels  were  selected  for 
model  calibration  because  dissolved  contaminant  concentrations  are  generally  higher 
during  times  of  high  groundwater  levels. 

6.6.3.4  Model  Results 

Benzene.  The  model  was  run  at  one-year  intervals  from  1997  to  estimate  the  future 
maximum  downgradient  extent  of  dissolved  benzene  concentrations  exceeding  the  Tier 
1  TCL  of  1  pg/L,  and  to  determine  the  time  required  for  benzene  concentrations  in  the 
source  area  to  decrease  below  the  TCL.  Simulations  were  performed  for  the  source 
areas  with  the  highest  detected  1997  dissolved  benzene  concentrations  (wells  AP12- 
MW24  and  AP16-MW39)  in  order  to  provide  conservative  estimates  for  the  entire  site. 
Benzene  was  detected  at  28  pg/L  in  groundwater  samples  collected  at  both  locations  in 
October  1997.  The  average  estimated  source  and  solute  decay  rates  presented  in 
Sections  6.3.3  and  6. 6.3.2,  respectively,  were  used  in  model  simulations. 
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The  first-order  reaction  model  indicates  that  dissolved  benzene  concentrations  will 
steadily  decrease  to  below  1  pg/L  within  6  years  (Figure  6.8).  The  maximum  predicted 
downgradient  extent  of  dissolved  benzene  concentrations  exceeding  1  pg/L  was  35  to 
40  feet  from  the  source  area. 

Because  of  the  low  concentrations  of  dissolved  benzene  relative  to  the  concentrations 
of  electron  acceptors  in  groundwater,  results  for  the  instantaneous  reaction  model 
indicate  that  benzene  will  be  degraded  at  a  faster  rate  than  it  is  leached  from  source  area 
soils.  Therefore,  the  model  predicts  that  benzene  will  be  “instantaneously”  degraded 
and  will  not  persist  in  the  groundwater.  The  presence  of  dissolved  benzene  in  the 
groundwater  at  Site  SS-15A  demonstrates  that  this  model  is  not  adequately  simulating 
site  conditions,  and  that  actual  reaction  rates  in  site  groundwater  are  lower  than  the 
instantaneous  rates  simulated  by  the  model. 

Benzo(a)pyrene.  The  BIOSCREEN  model  was  run  at  2-  to  5-year  intervals  from 
1997  to  estimate  the  time  required  for  dissolved  benzo(a)pyrene  concentrations  in 
source  area  groundwater  to  decrease  below  the  Tier  1  TCL  of  0.2  pg/L.  Simulations 
were  performed  using  the  highest-detected  1997  concentration  of  dissolved 
benzo(a)pyrene  (5  pg/L)  in  order  to  provide  conservative  estimates  for  the  entire  site. 
The  simulation  was  performed  using  a  source  half-life  of  5.8  years  and  an  average 
solute  half-life  of  0.92  year. 

Results  of  the  first-order  reaction  simulation  indicates  that  dissolved  benzo(a)pyrene 
will  steadily  decrease  to  less  than  the  Tier  1  TCL  of  0.2  pg/L  after  approximately  27 
years.  Results  also  indicate  that  the  lateral  migration  of  dissolved  benzo(a)pyrene  will 
be  minimal  due  to  its  extremely  high  retardation  coefficient.  The  actual  rates  at  which 
dissolved  benzo(a)pyrene  concentrations  decrease  may  be  more  rapid  than  simulated, 
because  the  first-order  decay  rate  decay  rate  may  underpredict  the  rate  of  source 
depletion  (Newell  et  al.,  1996).  Similar  to  benzene,  the  instantaneous  reaction  model 
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indicates  that  dissolved  benzo(a)pyrene  will  not  persist  in  the  groundwater  because  the 
theoretical  assimilative  capacity  of  the  groundwater  exceeds  the  concentration  of 
benzo(a)pyrene  leaching  from  the  source  area  soils. 

6.6.3.5  Modeling  Conclusions 

Results  of  the  BIOSCREEN  model  indicate  that  the  maximum  migration  distance  of 
dissolved  benzene  from  any  source  area  will  be  approximately  40  feet,  and  that 
concentrations  of  dissolved  benzene  will  decrease  below  the  Tier  1  TCL  of  1  pg/L  by 
approximately  2003.  Results  for  dissolved  benzo(a)pyrene  suggest  that  maximum 
concentrations  of  this  compound  will  persist  in  source  area  groundwater  at 
concentrations  exceeding  0.2  pg/L  for  up  to  approximately  27  years  due  to  its  potential 
biological  recalcitrance. 
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SECTION  7 


DEVELOPMENT  OF  TIER  2  TARGET  LEVELS  FOR  CHEMICALS 
OF  CONCERN  IN  THE  FLORIDA  AIR  NATIONAL  GUARD  AREA 

7.1  OBJECTIVE  OF  A  TIER  2  SITE-SPECIFIC  EVALUATION 

The  Tier  1  screening  process  is  considered  protective  of  human  health  because  the 
Tier  1  risk-based  screening  criteria  are  based  on  conservative  exposure  assumptions  that 
cover  a  wide  range  of  commercial  and  industrial  land  uses.  At  FDEP’s  request,  the  Air 
Force  has  agreed  to  use  Tier  1  industrial  TCLs  as  the  ultimate  cleanup  objective  for 
parcels  of  Site  SS-15A  that  will  be  transferred  to  non-Air  Force  entities.  The  Tier  1 
analysis  conducted  in  this  CAP  (Section  4)  identified  benzo(a)anthracene, 
benzo(a)pyrene,  benzo(b)fluoranthene,  dibenz(a,h)anthracene,  and  indeno(l,2,3- 
cd)pyrene  as  potential  COPCs  in  soils;  and  identified  benzene,  ethylbenzene,  MTBE, 
acenaphthene,  benzo(a)anthracene,  benzo(a)pyrene,  benzo(b)fluoranthene, 
benzo(k)fluoranthene ,  naphthalene,  and  TRPH  as  COPCs  in  groundwater.  However, 
chemicals  identified  as  COPCs  in  Section  4  of  this  CAP  may  not  be  present  at  levels 
that  pose  unacceptable  threats  to  human  health  given  the  current  and  future  exposure 
potential  at  this  site.  Section  6  described  how  natural  attenuation  will  continue  to  limit 
migration  and  reduce  future  exposure  concentrations.  The  future  exposure  potential  at 
the  site  is  also  limited  by  actual  land  use,  which  can  be  controlled  directly  by  the  Air 
Force  (in  the  FANG  area)  or  by  deed  restrictions  on  land  transferred  to  new  land 
owners.  The  purpose  of  this  section  is  to  complete  a  Tier  2  analysis  to  determine 
appropriate  site  specific  target  levels  (SSTLs)  for  contamination  in  the  portion  of  Site 
SS-15A  which  will  remain  under  Air  Force  control.  A  secondary  purpose  of  SSTL 
development  will  be  to  determine  if  any  other  areas  within  Site  SS-15A  are  likely  to 

present  a  significant  risk  to  future  intrusive  workers. 
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Development  of  site-specific  exposure  scenarios  requires  a  reevaluation  of  the 
preliminary  conceptual  site  model  presented  in  Section  4.  The  revised  CSM  for  Site 
SS-15A,  which  is  presented  in  Section  7.2,  identifies  only  those  receptors  and  exposure 
pathways  that  realistically  may  be  completed  under  current  or  hypothetical  but  realistic 
future  exposure  scenarios,  considering  land  uses  and  the  results  of  the  chemical  fate  and 
transport  assessment  presented  in  Section  6. 

Section  6  presented  the  results  of  fate  and  transport  modeling  used  to  predict  the 
attenuation  of  the  COPCs  migrating  away  from  the  source  areas.  Tier  2  of  the  risk- 
based  approach  is  completed  in  this  section  by  comparing  appropriate  site 
concentrations  (observed  current,  and  predicted  future)  to  reasonable  matrix-specific 
SSTLs  at  receptor  exposure  points.  These  SSTLs  are  described  as  the  Tier  2  risk-based 
criteria,  and  differ  from  the  generic  TCLs  in  that  the  conservative  exposure 
assumptions  used  to  derive  the  generic  TCLs  (e.g.,  exposure  duration  of  25  years)  are 
replaced  with  more  realistic  site-specific  exposure  assumptions  (e.g.,  exposure  duration 
of  one  year).  It  is  important  to  emphasize  that  the  Tier  2  SSTLs  are  based  on  achieving 
levels  of  human  health  protection  identical  to  those  of  the  generic  target  cleanup  levels 
(i.e.,  the  site-specific  criteria  are  based  on  a  carcinogenic  target  risk  limit  of  10'6  and  a 
noncarcinogenic  hazard  quotient  of  =1).  The  presence  of  various  analytes  at 
concentrations  above  the  applicable  generic  TCLs  also  justifies  the  need  for  a  Tier  2 
evaluation  to  assist  in  the  development  of  corrective  actions  that  can  achieve  the  desired 
level  of  risk  reduction  at  the  site. 

One  of  the  primary  site-specific  considerations  that  can  be  incorporated  into 
development  of  the  SSTLs  is  the  demonstrated  and  predicted  degree  of  attenuation  of 
COPCs  in  affected  environmental  media.  As  mentioned  above,  the  comprehensive 
chemical  fate  assessment,  which  emphasizes  documenting  biodegradation  of  the 
COPCs,  concluded  that  natural  chemical  attenuation  processes  are  effectively 
minimizing  the  mass  and  mobility  of  fuel  hydrocarbon  COPCs  in  soils  and 
groundwater,  and  that  these  processes  are  expected  to  be  sufficient  to  prevent 
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significant  COPC  migration  beyond  the  immediate  source  areas  (i.e.,  the  limited 
“hotspot”  locations  of  releases  to  soil).  Based  on  this  information,  it  can  be  concluded 
that  migration  of  COPCs  offsite  or  off  Base  will  not  occur.  Furthermore,  modeling 
indicates  that  groundwater  contamination  is  not  migrating  appreciable  distances  from 
the  location  of  the  soil  contamination  source  areas. 

In  summary,  the  objectives  of  developing  SSTLs  that  include  exposure  assumptions 
more  representative  of  actual  site  conditions  are  1)  to  determine  whether  current  or 
predicted  future  site  concentrations  of  COPCs  present  an  unacceptable  risk  to  current 
and  future  receptors;  and  2)  to  provide  a  mechanism  or  reference  to  assess  the  cost  and 
time  required  to  lower  site  concentrations  to  achieve  adequate  risk  reduction  at  the  site. 

7.2  REVISED  CONCEPTUAL  SITE  MODEL  REVIEW 

The  preliminary  CSM  presented  in  Section  4  was  used  to  qualitatively  identify 

potential  human  and  ecological  receptors  that  may  be  exposed  to  site-related 

contaminants,  and  to  define  the  types  of  these  potential  exposures  at  Site  SS-15A 

(Figure  4.1).  The  preliminary  CSM  describes  onsite  release  points,  the  affected 

physical  media,  the  types  of  contaminant  transport  and  fate  mechanisms  that  may  be 

involved  at  the  site,  each  group  of  potentially  exposed  populations  or  receptors,  and 

how  each  receptor  group  could  come  into  contact  with  site-related  contamination.  This 

CSM  was  used  to  identify  which  of  the  exposure  assumptions  used  to  develop  generic 

cleanup  criteria  most  closely  approximates  site  conditions.  The  exposure  assumptions 

incorporated  into  the  generic  industrial  TCLs  (i.e.,  Table  IV  Direct-Exposure  II  and 

Table  V  TCLs)  were  identified  as  generally  representative  of  the  types  of  exposure  that 

could  occur  at  Site  SS-15A,  but  greatly  overestimate  the  magnitude  of  exposure  specific 

to  current  and  expected  future  site  conditions  within  the  FANG  area.  For  example, 

Tier  1  screening  of  groundwater  assumed  unrestricted  future  use  of  groundwater. 

Therefore,  the  target  cleanup  criteria  presented  in  Table  V  (FDEP,  1996)  which  were 

developed  assuming  potable  use  of  groundwater,  were  used  in  the  Tier  1  screening. 

The  preliminary  CSM  exposure  pathways  are  reevaluated  in  this  section  using  the  Tier 
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2  chemical  fate  information  presented  in  Section  6.  It  is  important  to  emphasize  that 
the  purpose  of  using  the  preliminary  CSM  and  the  conservative,  nonsite-specific  TCLs 
to  identify  COPCs  was  to  ensure  that  all  subsequent  assessment  activities  beyond  the 
Tier  1  screening  evaluation  address  the  full  range  of  contaminants  that  may  present 
some  risk  to  current  of  future  receptors. 

The  revised  CSM  for  Site  SS-15A,  which  is  presented  on  Figure  7.1  and  briefly 
reviewed  in  the  following  subsections,  identifies  only  those  receptors  and  exposure 
pathways  that  realistically  may  be  considered  given  current  and  future  land  use  within 
the  FANG  area.  The  outcome  of  the  chemical  fate  assessment  presented  in  Section  6 
and  the  types  of  exposures  likely  to  occur  at  this  industrial  site  are  reflected  in  this 
revised  CSM.  Justification  for  each  site-specific  exposure  assumption  is  provided  in 
subsequent  discussions. 

7.2.1  Revised  Conceptual  Model 

7.2.1.1  Sources,  Affected  Media,  Release  Mechanisms,  and  Contaminant 
Environmental  Transport 

The  likelihood  of  release  from  a  source,  the  nature  of  the  contaminants  involved,  the 
affected  environmental  media,  and  the  probable  magnitude  of  their  release  all  are 
included  in  the  revised  CSM  (Figure  7.1).  As  described  in  the  preliminary  CSM 
(Figure  4.1),  releases  from  the  below  ground  fuel  distribution  system  have 
contaminated  site  soil,  soil  gas,  and  groundwater  with  fuel  hydrocarbons.  The 
predominant  ongoing  release  mechanism  for  groundwater  COPCs  is  leaching  from 
contaminated  soils  in  the  smear  zone.  Soil  contamination  occurs  in  a  number  of 
discrete  areas,  primarily  as  residual  LNAPL  in  the  vadose  (unsaturated)  zone  (i.e., 
shallower  than  6  to  7  feet  bgs).  The  general  lack  of  mobile  LNAPL  (free  product) 
detections  at  the  site  indicates  that  mobile  LNAPL  is  not  a  significant,  continuing 
source  of  groundwater  contamination.  The  very  flat  groundwater  gradient  and  low 
groundwater  flow  velocity  (i.e.,  0.014  ft/day  or  5.1  ft/yr),  and  the  potential  for  local 
multi-directional  groundwater  flow  result  in  a  lengthy  groundwater  residence  time  near 
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the  suspected  source  area.  These  hydrogeologic  conditions  act  to  minimize  the 
horizontal  migration  of  the  dissolved  plume.  As  site  data  and  the  modeling  performed 
in  Section  6.6  indicate,  destructive  and  nondestructive  attenuation  rates  are  also  acting 
to  limit  migration  of  contaminants  in  concentrations  above  the  TCLs,  to  the  vicinity  of 
the  “hotspot”  soil  source  areas.  Modeling  also  indicates  that  contaminants  will  not 
impact  the  flightline  canal,  and,  therefore,  groundwater  contaminants  from  Site  SS-15A 
will  not  impact  surface  water. 

7.2. 1.2  Potentially  Exposed  Receptors,  Exposure  Points,  and  Exposure  Routes 

The  revised  CSM  also  refines  the  identification  of  potentially  exposed  receptor 
populations,  receptor  exposure  points,  and  exposure  routes  for  realistic  scenarios  based 
on  specific  conditions  within  the  FANG  area.  These  components  better  reflect  the 
likelihood  and  extent  of  human  or  ecological  receptor  contact  with  site-related 
contaminants.  As  described  in  Section  3,  Site  SS-15A  is  the  flightline  apron  for  the 
Homestead  AFB  runway.  The  entire  extent  of  the  site  is  within  the  boundaries  of  the 
Base,  which  is  surrounded  by  a  chainlink  fence,  and  is  under  constant  manned  guard. 
An  additional  security  fence  surrounds  the  FANG  area.  Therefore,  potential  receptor 
groups  are  limited  to  Air  Force  authorized,  onsite  intrusive  workers.  There  are  no 
completed  pathways  to  offsite  receptors.  Furthermore,  the  concrete/asphalt  cover 
prevents  contact  with  contaminated  soil  or  groundwater  by  current  Base  personnel. 

The  industrial  nature  of  the  site,  and  the  pavement  covering  the  entire  site,  precludes 
the  existence  of  suitable  wildlife  habitat.  No  resident  ecological  receptors  were 
identified  for  which  soils  and/or  groundwater  are  likely  contaminant  exposure  media. 
No  exposure  pathways  involving  potential  offsite  ecological  receptors  are  or  will  be 
complete  based  on  the  outcome  of  the  quantitative  chemical  fate  assessment  presented  in 
Section  6. 

Using  the  most  conservative  exposure  assumptions  appropriate  for  the  FANG  area, 
the  only  realistic  receptor  that  is  likely  to  become  exposed  to  site-related  contaminants 
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is  the  onsite  intrusive  worker  involved  in  demolition,  removal,  and/or  construction 
activities.  Inhalation  of  VOCs  (partitioning  from  either  contaminated  soil  or 
groundwater)  in  ambient  air  at  the  site  could  result  in  a  completed  pathway  for  the 
onsite  intrusive  worker.  However,  rapid  dilution  by  ambient  air  will  decrease  xylene 
concentrations  to  levels  that  are  well  below  the  OSHA  PEL;  and  therefore,  this 
pathway  is  assumed  to  be  insignificant.  In  addition,  incidental  ingestion  of 
groundwater  by  the  onsite  intrusive  worker  was  eliminated  from  further  consideration. 
It  is  not  reasonable  to  assume  that  intrusive  workers  could  actually  incidentally  ingest  a 
significant  amount  of  contaminated  groundwater  during  excavation  activities. 

7.2.2  Summary  of  Completed  Exposure  Pathways 

Given  the  current  and  planned  future  uses  of  the  FANG  area  (aircraft  support),  and 
the  outcome  of  the  Tier  2  quantitative  chemical  fate  assessment  presented  in  Section  6, 
only  onsite  intrusive  workers  could  be  exposed  to  site-related  contamination  during 
excavation  activities  (see  Figure  7.1).  Therefore,  health-based  Tier  2  SSTLs  developed 
for  the  FANG  area  are  those  designed  to  protect  hypothetical  future  onsite  intrusive 
workers  from  carcinogenic  risks  and  noncarcinogenic  hazards  via  direct  contact  with 
soils  and  groundwater.  Even  onsite  intrusive  workers  would  be  exposed  to  significant 
concentrations  of  contaminants  only  if  the  intrusive  activities  are  located  at  or 
immediately  adjacent  to  one  of  the  areas  of  soil  contamination.  Based  on  extensive  soil 
sampling,  areas  with  elevated  concentrations  of  contaminants  are  thought  to  comprise  a 
relatively  small  proportion  of  the  site. 

7.3  DEVELOPMENT  OF  SITE-SPECIFIC  TARGET  LEVELS  (SSTLS) 

In  order  to  develop  representative  SSTLs,  realistic  exposure  assumptions  for 
intrusive  workers  must  be  used.  A  detailed  study  of  construction  and  underground 
utility  workers  was  completed  at  Eglin  AFB  to  estimate  the  average  and  maximum  time 
that  workers  could  be  exposed  to  contaminated  soils  and  groundwater  during  excavation 
activities  (McLain,  1998).  The  results  of  this  exposure  study  have  been  approved  by 
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the  FDEP  as  being  representative  of  intrusive  (excavation)  worker  exposures  on  active 
military  bases.  The  Air  Force  believes  that  these  exposure  assumptions  are  valid  for 
the  FANG  area  of  Site  SS-15A,  which  will  remain  under  Air  Force  control. 

Tables  7.1  and  7.2  present  the  chemical-specific  SSTLs  for  the  FANG  area  within 
Site  SS-15A.  Note  that  two  sets  of  SSTLs  are  calculated.  Central  tendency  (CT) 
SSTLs  are  based  on  the  average  exposure  timeframes  expected  for  intrusive  workers. 
Reasonable  maximum  exposure  (RME)  SSTLs  are  based  on  the  maximum  (worst  case) 
exposure  durations  expected  for  intrusive  workers.  To  ensure  protection  of  human 
health  under  worst  case  conditions,  the  Air  Force  has  selected  RME  SSTLs  as  cleanup 
target  levels  for  the  FANG  Area.  The  RME  values  are  based  on  a  one-year,  180  days- 
per-year  exposure  to  contaminated  soils  and  a  46-day  (2-hours-per-day)  exposure  to 
contaminated  groundwater.  Other  exposure  variables  used  to  calculate  the  soil  and 
groundwater  SSTLs  were  taken  from  McClain  (1998)  and  from  FDEP  values  presented 
in  Development  of  Soil  Cleanup  Target  Levels  (SCTLs)  for  Chapter  62-770,  F.A.C., 
June  18,  1997.  COPC  toxicity  values  used  in  the  SSTL  derivations  are  based  on 
toxicity  data  reported  in  the  Integrated  Risk  Information  System  (IRIS)  (Micromedex, 
Inc.,  1998)  or  used  by  FDEP  to  derive  the  generic  Tier  1  target  cleanup  levels. 
Appendix  C  presents  the  exposure  assumptions  and  derivation  of  the  SSTLs  for  the 
FANG  Area  of  Site  SS-15A. 

7.3.1  SSTLs  for  Soil 

Table  7.1  presents  the  SSTLs  for  the  soil  COPCs  found  within  the  FANG  Area  at 
Site  SS-15A.  These  SSTLs  are  calculated  assuming  direct  contact  with  soil  and  include 
exposure  via  incidental  ingestion  of,  dermal  contact  with,  and  inhalation  of  particulates 
and  volatiles  from  site  soils.  The  algorithm  used  to  calculate  the  SSTLs  is  equivalent  to 
that  used  by  FDEP  to  calculate  Tier  1  TCLs.  The  SSTLs  differ  from  the  Tier  1  target 
cleanup  levels  because  several  exposure  parameters,  as  described  above,  are  based  on 
site-specific  intrusive  worker  scenarios. 
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COMPARISON  OF  MAXIMUM  SOIL  DETECTIONS  TO  SITE-SPECIFIC  TARGET  LEVELS  (SSTLs) 
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7.3.2  SSTLs  for  Groundwater 

Table  7.2  presents  SSTLs  for  the  groundwater  COPCs  within  the  FANG  Area  at  Site 
SS-15A.  These  SSTLs  are  calculated  assuming  dermal  contact  with  and  incidental 
ingestion  of  groundwater  and  inhalation  of  volatiles  released  from  groundwater.  The 
dermal  contact  algorithm  is  based  on  the  general  absorption  intake  equation  for  dermal 
contact  with  chemicals  in  water  developed  by  USEPA  (1989).  The  approach  used  to 
incorporate  the  inhalation  pathway  in  the  SSTL  calculations  was  derived  by 
toxicologists  at  the  University  of  Florida  (University  of  Florida,  1998).  The 
groundwater  SSTLs  are  health-based  values  calculated  to  protect  onsite  intrusive 
workers  from  health  risks  associated  with  dermal  exposure,  incidental  ingestion,  and 
inhalation  of  chemical  contamination  found  in  groundwater.  As  stated  earlier,  the 
generic  health-based  Tier  1  TCLs  are  calculated  assuming  purposeful  ingestion  of 
onsite  groundwater  by  onsite  workers  under  residential-type  exposure  conditions  (i.e., 
30-year  exposure  duration,  2  liters  per  day  consumption  rate,  etc.).  In  reality,  these 
TCLs  would  apply  only  if  impacted  groundwater  from  Site  SS-15A  migrated  to  offsite 
locations  where  a  residential  land  use  assumption  is  more  representative  of  exposure 
conditions.  The  Tier  2  quantitative  chemical  fate  assessment  completed  in  Section  6 
demonstrates  that  no  groundwater  COPC  is  expected  to  migrate  to  or  beyond  the  site 
boundary. 

7.4  COMPARISON  OF  EXPOSURE-POINT  CONCENTRATIONS  TO  SSTLS 

The  maximum  detected  concentrations  of  soil  and  groundwater  COPCs  were 
conservatively  assumed  to  represent  the  current  and  future  exposure-point 
concentrations  at  Site  SS-15A.  However,  it  is  important  to  note  that  the  Tier  2 
chemical  fate  assessment  demonstrates  that  contaminant  concentrations  are  rapidly 
reduced  as  groundwater  moves  away  from  the  contaminant  sources.  In  addition,  the 
maximum  detected  site  concentrations  most  likely  do  not  represent  the  true  exposure- 
point  concentrations  to  which  potential  future  workers  would  be  exposed.  Data  suggest 
that  much  of  Site  SS-15A  has  little  or  no  contamination,  and  that  areas  of  greater 
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contamination  are  limited  in  extent.  Furthermore,  data  indicate  that  destructive  and 
nondestructive  natural  attenuation  processes  are  operating  at  the  site  to  reduce 
contaminant  concentrations. 

Table  7.1  compares  maximum  concentrations  of  soil  COPCs  to  soil  SSTLs.  From 
the  table  it  can  be  seen  that  two  PAHs,  benzo(a)pyrene  and  possibly 
dibenzo(a,h,)anthracene,  have  maximum  detections  that  exceeded  RME  SSTLs.  Of 
these  two  PAHs,  only  benzo(a)pyrene  was  detected  above  the  RME  SSTL  in  the  1997 
sampling  event;  the  detection  of  7.4  mg/kg  occurred  in  a  soil  sample  collected  at  AP26- 
SB1-5  in  the  FANG  Area. 

Table  7.2  compares  maximum  detected  concentrations  of  groundwater  COPCs  to 
groundwater  SSTLs.  Benzo(a)anthracene,  benzo(a)pyrene,  and  benzo(b)fluoranthene 
were  detected  in  groundwater  at  concentrations  above  the  RME  SSTLs. 
Benzo(a)pyrene  wase  detected  above  its  RME  SSTL  at  sampling  locations  within  the 
FANG  Area  (AP26-MW75  and  AP27-MW78)  during  1997  sampling. 
Benzo(b)fluoranthene  and  benzo(a)anthracene  were  detected  above  their  RME  SSTLs 
during  1997  sampling  events  at  sampling  location  AP27-MW78  only.  These  locations 
correspond  to  areas  of  relatively  elevated  soil  contamination.  Modeling  results 
described  in  Section  6  and  site  data  indicate  that  natural  attenuation  processes  and  the 
low  groundwater  flow  rate  will  limit  the  areal  extent  of  groundwater  contaminated 
above  the  SSTLs. 

7.5  SUMMARY  OF  RISK-REDUCTION  REQUIREMENTS 

Comparison  of  maximum  detected  COPC  concentrations  to  SSTLs  indicate  that 
several  PAH  compounds  exceed  the  SSTLs  for  soil  and  groundwater.  Minor 
exceedences  of  SSTLs  for  soil  are  random  throughout  the  site.  These  exceedances  are 
caused  by  low  levels  of  PAH  compounds  which  are  not  directly  related  to  fuel  residuals 
but  are  likely  residuals  from  asphalt  pipe  coatings  or  the  asphalt  covering  the  apron. 
Two  locations  at  Site  SS-15A  (AP26-MW75  and  AP27-MW78)  showed  consistent 
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groundwater  contamination  above  RME  SSTLs.  Data  collected  on  destructive  and 
nondestructive  attenuation  at  the  site  indicates  that  elevated  concentrations  of 
groundwater  contaminants  are  not  migrating  appreciable  distances  from  the  source 
areas.  No  actions  are  needed  to  prevent  migration. 

Based  on  current  levels  of  soil  and  groundwater  contamination,  two  risk  reduction 
requirements  are  evident: 

1.  Institutional  controls  that  require  proper  protection  for  future  excavation 
workers  in  all  areas  of  Site  SS-15A  with  contamination  exceeding  Tier  1 
TCLs  or  SSTLs.  These  controls  should  be  included  in  deed  restrictions  for  all 
land  that  is  transferred  from  Air  Force  control.  Sections  9  and  10  discusses 
these  institutional  controls  in  greater  detail. 

2.  Based  on  historical  groundwater  contamination  exceeding  SSTLs  and  soil 
leaching  models,  active  remediation  may  be  warranted  at  two  “hotspots” 
within  the  FANG  area  to  reduce  the  duration  of  elevated  groundwater 
contaminant  concentrations  due  to  leaching  from  soil.  Active  remediation  in 
this  area  will  allow  future  intrusive  workers  to  complete  utility  repairs,  etc. 
without  restrictions  on  the  duration  of  exposure  to  soil  and  groundwater. 

3.  Continued  monitoring  of  groundwater  is  recommended  to  ensure  that 
contaminant  concentrations  continue  to  attenuate  and  will  not  pose  a  risk  to 
surface  waters  in  the  Flightline  Canal.  Monitoring  should  continue  until  Tier 
1  groundwater  TCLs  are  achieved. 
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SECTION  8 

PILOT  TESTING  OF  SOURCE  REMOVAL  TECHNOLOGIES 


Section  6  of  this  CAP  shows  that  both  destructive  and  nondestructive  attenuation 
processes  should  be  effective  at  minimizing  contaminant  migration  and  reducing 
contaminant  mass  at  Site  SS-15A.  This  analysis  was  based  on  available  site  data  for 
soil  and  groundwater.  Selected  source  removal  technologies  also  were  evaluated  at  Site 
SS-15A  in  the  event  that  engineered  source  removal  is  required  to  protect  human  health 
and  the  environment  or  to  reduce  the  total  time  and  cost  of  remediation.  A  pilot-scale 
bioventing  test  was  conducted  at  Site  SS-15A,  apron  line  AP-18,  by  Parsons  ES  in 
October  1997.  Results  of  bioventing  pilot  testing  at  apron  line  AP-18  are  summarized 
in  this  section. 

8.1  IN  SITU  BIO  VENTING  PILOT  TEST  DESIGN  AND  SYSTEM 
INSTALLATION 

Bioventing  pilot  testing,  including  air  permeability,  oxygen  influence,  and  in  situ 
respiration  testing,  was  conducted  following  procedures  described  in  the  Air  Force 
bioventing  protocol  document  (Hinchee  et  al.,  1992).  In  preparation  for  pilot  testing, 
one  air  injection  vent  well  (VW-1)  and  two  vapor  monitoring  points  (MPA  and  MPB) 
were  installed  near  valve  box  1  at  the  north  end  of  Apron  Line  AP-18.  Existing 
groundwater  monitoring  wells  (MW-41,  MW-42,  and  MW-43,  which  have  well  screens 
extending  above  the  water  table)  also  were  utilized  to  monitor  pressure  response  and 
soil  gas  chemistry  during  pilot  testing. 

Bioventing  well  VW-1  and  vapor  monitoring  points  MPA  and  MPB  were  installed 
on  24  October  1998.  Figure  8.1  is  a  layout  of  the  pilot  testing  area,  and  Figure  8.2  is 

a  hydrogeologic  cross-section  showing  the  relationships  of  the  screened  intervals  to 
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subsurface  soil  intervals.  Borehole  logs  and  well  construction  diagrams  for  the 
bio  venting  system  are  included  in  Appendix  A. 

One  2-inch-diameter  polyvinyl  chloride  (PVC)  air  injection  vent  well  (VW-1)  was 
installed  in  contaminated  source  area  soils  adjacent  to  valve  box  1.  VW-1  was  screened 
in  the  limestone  bedrock  from  2.5  to  8.5  feet  bgs.  VW-1  was  piped  to  three  small  test 
blowers  which  supplied  a  total  air  flow  of  3  standard  cubic  feet  per  minute  (scfm). 

The  two  soil  vapor  monitoring  points  were  screened  in  the  unsaturated  zone  using  6- 
inch-long  sections  of  1-inch-diameter  well  screen,  with  the  bottom  of  the  screens  placed 
at  a  depth  of  4  feet  bgs.  A  thermocouple  was  installed  at  the  top  of  the  MPA  screen  5 
to  measure  soil  temperatures. 

8.2  PILOT  TEST  RESULTS 
8.2.1  Initial  Soil  Gas  Chemistry 

Prior  to  initiating  any  air  injection,  soil  gas  collected  from  the  MPs  and  existing 
groundwater  monitoring  wells  was  analyzed  for  initial  oxygen,  carbon  dioxide,  and 
TVH  concentrations  using  portable  gas  analyzers,  as  described  in  the  technical  protocol 
document  (Hinchee  et  al.,  1992).  In  addition,  samples  from  wells  MW-41  and  MW-43 
were  submitted  for  laboratory  analyses  for  TVH  (referenced  to  JP-4  jet  fuel)  and 
BTEX.  Table  8.1  summarizes  the  initial  soil  gas  chemistry.  Prior  to  collecting  the  soil 
gas  samples,  the  MPs  and  groundwater  monitoring  wells  were  purged  until  oxygen 
levels  stabilized  to  remove  stagnant  gas.  At  all  locations,  soil  gas  oxygen 
concentrations  had  been  depleted  to  below  the  instrument  detection  limit.  Depleted 
oxygen  concentrations  indicate  significant  biological  activity  and  soil  contamination. 
In  comparison,  oxygen  concentrations  at  the  upgradient  well  at  AP26  (MW-112),  which 
was  constructed  in  clean  soils,  was  19.0  percent. 

TVH  field  measurements  at  the  MPs  and  groundwater  monitoring  wells  ranged  from 
680  to  over  20,000  parts  per  million,  volume  per  volume  (ppmv),  and  laboratory  TVH 
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TABLE  8.1 

INITIAL  FIELD  AND  LABORATORY  SOIL  GAS  ANALYTICAL  RESULTS 
BIOVENTING  PILOT  TEST,  APRON  LINE  API  8 


RISK-BASED  APPROACH  TO  REMEDIATON 
SITE  SS-15A 

HOMESTEAD  AfB,  FLORIDA 


Field  Screening  Data  Laboratory  Analytical  Data* 


Sample 

Location 

Sample 
Depth 
(ft  bgs)* 

Oxygen 

(percent) 

Carbon 

Dioxide 

(percent) 

Benzene 

(ppmv) 

Toluene 

(ppmv) 

Ethyl¬ 

benzene 

(ppmv) 

Xylenes 

(ppmv) 

VW-1 

2.5-5. 3 

NA6' 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

MPA 

4.0 

0.0 

16.8 

>  20,000 

NA 

NA 

NA 

NA 

NA 

MPB 

4.0 

0.0 

16.0 

1,900 

NA 

NA 

NA 

NA 

NA 

MW-41 

3. 5-5. 3 

0.0 

13.5 

9,200 

22,000 

<1* 

65 

54M 

240M 

MW-42 

3.5-53 

0.0 

16.3 

680 

NA 

NA 

NA 

NA 

NA 

MW-43 

3.5-53 

0.0 

16.0 

840 

1,508 

<0.052 

4.7M 

2.7 

24M 

Laboratory  analysis  of  soil  gas  performed  using  USEPA  Method  TO-3.  Laboratory  TPH  referenced  to  jet  fuel  (MW=  156). 
w  TVH  =  total  volatile  hydrocarbons. 

d  TPH  =  total  petroleum  hydrocarbons.  C5+  hydrocarbons  referenced  to  jet  fuel  (MW=156);  C2-C4  hydrocarbons  referenced  to  propane  (MW-44). 
^  ft  bgs  =  feet  below  ground  surface. 
d  ppmv  =  parts  per  million,  volume  per  volume. 
u  NA  =  Sample  not  analyzed. 

^  <  =  compound  analyzed  for ,  but  not  detected.  Number  shown  represents  the  laboratory  method  detection  limit. 

W  M  =  Reported  value  may  be  biased  due  to  apparent  matrix  interferences. 
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results  were  1,508  and  22,000  ppmv  for  soil  gas  samples  from  MW-43  and  MW-41, 
respectively.  These  results  indicate  moderate  to  high  levels  of  fuel  contamination  in  the 
pilot  test  area. 

8.2.2  Air  Permeability  and  Oxygen  Influence  Testing 

An  air  permeability  test  was  conducted  according  to  procedures  outlined  in  the 
AFCEE  bioventing  protocol  (Hinchee  et  al.,  1992).  Air  was  injected  into  VW-1  for  60 
minutes  at  a  rate  of  approximately  3  scfm  and  an  average  pressure  of  57  inches  of 
water.  Pressure  measured  at  the  MPs  and  groundwater  monitoring  wells  gradually 
increased  throughout  the  period  of  air  injection.  Due  to  the  gradual  increase  in  pressure 
response,  the  dynamic  method  of  determining  air  permeability  was  selected.  An 
average  soil  gas  permeability  value  of  40  darcys,  typical  for  sandy  or  porous  soils,  was 
calculated  for  this  site.  The  maximum  pressures  measured  at  the  MPs  and  groundwater 
monitoring  wells,  and  calculated  air  permeability  values  are  presented  on  Table  8.2.  A 
radius  of  pressure  influence  of  at  least  30  feet  was  observed  at  the  3.5-  to  5.5-foot 
depths. 

The  depth  and  radius  of  oxygen  increase  in  the  subsurface  resulting  from  air 
injection  during  pilot  testing  is  the  primary  design  parameter  for  full-scale  bioventing 
systems.  Optimization  of  full-scale  and  multiple  VW  systems  requires  pilot  testing  to 
determine  the  volume  of  soil  that  can  be  oxygenated  at  a  given  flow  rate  and  VW  screen 
configuration. 

Table  8.3  presents  the  change  in  soil  gas  oxygen  levels  that  occurred  during  an  18- 
hour  injection  period  with  an  air  injection  rate  of  3  scfm.  This  period  of  air  injection 
produced  changes  in  soil  gas  oxygen  levels  at  all  the  monitored  screened  intervals. 
Based  on  measured  changes  in  oxygen  levels,  it  is  anticipated  that  the  radius  of 
influence  for  a  long-term  bioventing  system  would  exceed  30  feet  within  the 
unsaturated  limestone. 
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MAXIMUM  PRESSURE  RESPONSE 
AIR  PERMEABILITY  TEST 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  ARB,  FLORIDA 
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TABLE  8.3 

OXYGEN  INFLUENCE  IN  SUBSURFACE  DURING  BIO  VENTING  PILOT  TESTING 

RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 
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The  fairly  uniform  pattern  of  decreasing  pressure  response  and  oxygen  influence 
with  increasing  distance  from  VW-1  indicates  that  the  air  flow  through  the  weathered 
bedrock  is  relatively  uniform  and  is  not  greatly  influenced  by  fractures  or  other  zones 
of  higher  permeability. 

8.2.3  In  Situ  Respiration  Testing 

In  situ  respiration  testing  was  performed  at  Apron  Line  AP-18  to  determine  oxygen 
utilization  rates  and  potential  biodegradation  rates.  Testing  followed  permeability  and 
oxygen  influence  testing,  which  resulted  in  increased  subsurface  oxygen  levels  in  the 
vicinity  of  valve  box  1.  At  the  completion  of  the  oxygen  influence  test,  the  blower  was 
turned  off,  and  changes  in  soil  gas  composition  over  time  were  then  measured  at  VW-1, 
MPA,  and  MPB.  Oxygen,  TVH,  and  carbon  dioxide  were  measured  for  a  period  of 
approximately  48  hours  following  air  injection.  The  measured  oxygen  losses  then  were 
used  to  calculate  biological  oxygen  utilization  rates.  Table  8.4  provides  a  summary  of 
the  oxygen  utilization  rates. 

Oxygen  loss  occurred  at  moderate  rates,  ranging  from  0.289  percent  per  hour  at 
MPA  to  0.403  percent  per  hour  at  VW-1.  At  VW-1,  oxygen  levels  dropped  from  21.0 
percent  to  2.0  percent  in  approximately  48.5  hours  (Table  8.4). 

Based  on  these  oxygen  utilization  rates,  an  estimated  462  to  652  mg  of  fuel  per  kg  of 
soil  can  be  degraded  each  year  at  this  site.  This  conservative  estimate  is  based  on  an 
average  air-filled  porosity  of  approximately  0.045  liter  per  kg  of  soil,  and  a  ratio  of  3.5 
mg  of  oxygen  consumed  for  every  1  mg  of  fuel  biodegraded.  The  air-filled  porosity 
was  calculated  using  laboratory  soil  moisture  results  for  soil  samples  collected  at  the  2- 
to  4-foot  and  3-  to  5-foot  intervals  (collected  at  AP15  and  AP20,  respectively)  and  an 
estimated  limestone  porosity  of  35  percent. 
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TABLE  8.4 

OXYGEN  UTILIZATION  AND  FUEL  DEGRADATION  RATES 
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8.2.4  Pilot  Test  Results  Summary 

Treatabiliy  testing  indicates  that  in  situ  bio  venting  is  a  feasible  method  for 
remediating  unsaturated,  hydrocarbon-contaminated  soil  and  weathered  limestone 
bedrock  within  source  areas  at  SS-15A.  In  contrast  with  the  bioventing  feasibility 
testing  performed  at  Site  SS-15B  (Parsons  ES,  1997a),  results  for  the  bioventing  pilot 
test  performed  at  Apron  Line  AP-18  indicate  that  relatively  uniform  distribution  of  air 
to  the  unsaturated  soil  and  limestone  is  achievable  with  vertical  air  injection  wells.  The 
continuous  asphalt  and  concrete  pavement  and  thicker  unsaturated  zone  at  Site  SS-15A 
(compared  to  Site  SS-15B  which  has  no  pavement  cover  and  a  thinner  unsaturated  zone) 
likely  account  for  the  successful  use  of  vertical  air  injection  wells  at  Site  SS-15A. 
Although  bio  venting  is  a  technically  feasible  remediation  technology  for  Site  SS-15A, 
the  distribution  of  contamination  (numerous,  widely-spaced,  individual  source  areas) 
and  lack  of  easily  accessible  electrical  power  would  increase  the  cost  of  implementing 
this  remedial  technology  at  Site  SS-15A. 
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SECTION  9 

COMPARATIVE  ANALYSIS  OF  REMEDIAL  ALTERNATIVES 


Sections  6  and  8  provide  scientific  documentation  of  natural  attenuation  processes 
and  the  potential  benefits  of  in  situ  bioventing  in  accelerating  the  remediation  of  source 
areas  at  Site  SS-15A.  An  initial  screening  of  remedial  approaches  and  technologies  was 
completed,  and  several  technologies  were  identified  for  possible  use  at  Site  SS-15A.  A 
complete  review  of  the  initial  screening  process  is  included  in  Appendix  E.  Three 
remedial  alternatives  were  developed  using  various  combinations  of  public  education, 
land  and  groundwater  use  controls,  LTM,  natural  attenuation,  in  situ  bioventing,  soil 
excavation,  and  groundwater  extraction.  The  objectives  of  Section  9  are  to  summarize 
the  remedial  action  objectives  for  Site  SS-15A,  review  the  remedial  alternatives 
developed  from  the  technologies  screened  in  Appendix  E  and  the  primary  evaluation 
criteria  used  to  compare  these  alternatives,  and  to  complete  a  more  detailed  comparative 
analysis  of  each  alternative  in  an  effort  to  identify  the  most  logical  approach  for 
remediating  Site  SS-15A.  Each  alternative  is  more  fully  explained  in  terms  of  its 
effectiveness,  technical  and  administrative  implementability,  and  cost.  Following  this 
evaluation,  an  implementation  plan  and  LTM  plan  for  the  recommended  alternative  are 
summarized  in  Section  10. 

9.1  SUMMARY  OF  RISK  REDUCTION  REQUIREMENTS 

Section  7  identified  two  primary  risk  reduction  requirements  based  on  a  comparison 
of  remaining  site  contaminants  to  Tier  1  industrial  TCLs  and  SSTLs.  These  risk 
reduction  requirements  include: 
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1.  A  need  to  protect  future  intrusive  workers  in  all  areas  of  Site  SS-15A  with 
contamination  exceeding  Tier  I  TCLs  or  SSTLs  for  soil  and  groundwater. 
Protection  from  contaminated  groundwater  is  particularly  important  since  dermal 
contact  with  groundwater  is  the  primary  long-term  risk  driver  for  PAH 
contaminated  sites.  As  a  minimum,  institutional  controls  requiring  protection  of 
excavation  workers  should  be  included  in  deed  restrictions  for  all  land  transferred 
from  Air  Force  control. 

2.  Based  on  historical  groundwater  contamination  which  exceeds  both  Tier  1  TCLs 
and  SSTLs,  and  future  predictions  of  soil  leaching  (Section  6),  active  remediation 
may  be  warranted  at  two  “hot  spots”  within  the  FANG  area  (AP26-MW75  and 
AP27-MW78).  Sampling  of  these  areas  has  consistently  revealed  multiple 
contaminants  which  exceed  the  SSTLs  that  were  developed  for  intrusive  workers. 
Since  this  area  will  remain  under  Air  Force  control,  the  Air  Force  should  consider 
the  advantage  of  a  focused  remediation  in  these  areas  to  eliminate  future  risks  to 
intrusive  utility  or  construction  workers. 

3.  Continued  monitoring  of  groundwater  is  recommended  to  ensure  that  contaminant 
concentrations  continue  to  attenuate  and  will  not  pose  a  risk  to  surface  waters  in  the 
Flightline  Canal.  Monitoring  should  continue  until  Tier  1  groundwater  TCLs  are 
achieved. 

9.2  SUMMARY  OF  CANDIDATE  REMEDIAL  ALTERNATIVES 

Based  on  the  initial  remedial  screening  process,  which  is  summarized  in  Appendix 

H,  several  remedial  approaches  and  technologies  were  retained  for  the  development  of 

remedial  alternatives.  These  technologies  were  selected  to  provide  a  range  of  passive  to 

more  active  response  actions,  all  of  which  will  minimize  contaminant  migration  and 

diminish  dissolved  contaminant  concentrations  over  time.  The  primary  goal  of  all  the 

candidate  alternatives  is  to  remediate  Site  SS-15A  contaminant  concentrations  below 

Tier  I  groundwater  TCLs.  Long-term  institutional  controls  (OSHA  requirements)  will 
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be  used  to  ensure  worker  protection  if  soil  excavation  is  required.  The  SSTLs 
developed  for  Site  SS-15A  have  been  used  to  identify  areas  where  more  immediate 
remediation  will  provide  a  protective  work  environment  for  intrusive  workers.  The 
goal  of  achieving  Tier  I  TCLs  and  SSTLs  (within  the  FANG  Area)  will  be  met  in 
different  time  frames  and  at  different  costs  under  each  alternative.  The  following 
remedial  approaches  and  technologies  were  retained  for  evaluation: 

•  Long-term  groundwater  monitoring; 

•  Limited  land  use  and  engineering  controls; 

•  Groundwater  use  controls; 

•  Public  education; 

•  Natural  attenuation  of  soil  and  groundwater  contamination; 

•  In  situ  bio  venting  in  selected  source  areas; 

•  Excavation  of  hot  spots  of  contaminated  soils;  and 

•  Short-term  groundwater  extraction  in  plume  “hotspots.  ” 

The  primary  objective  of  source  reduction  technologies  would  be  to  more  rapidly 
remove  contaminants  from  the  shallow  groundwater  and  unsaturated  soils  near  wells 
AP26-MW75  and  AP27-MW78,  where  the  only  exceedences  of  groundwater  SSTLs 
occurred  between  December  1996  and  October  1997  (Table  7.2). 

Because  natural  attenuation  has  been  effectively  reducing  dissolved  contaminants  in 
the  groundwater  and  limiting  downgradient  migration  (Section  6),  this  ongoing 
remediation  process  can  best  be  enhanced  through  a  reduction  of  the  continuing  source 
of  contamination  at  Site  SS-15A.  Two  candidate  soil  source  reduction  technologies  (in 
situ  bioventing  for  treatment  of  residual  soil  contamination  and  soil  excavation)  and  one 
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groundwater  treatment  technology  (short-term  groundwater  extraction  and  treatment) 
have  been  retained  for  additional  analysis.  Three  candidate  remedial  alternatives  were 
developed  and  are  described  in  the  following  sections. 

9.2.1  Alternative  1  -  Natural  Attenuation,  Long-Term  Monitoring,  and  Land  and 
Groundwater  Use  Controls 

Goal  of  Alternative  1:  Attainment  of  SSTLs  in  the  FANG  Area  and  attainment  of 
Tier  I  groundwater  TCLs  in  all  areas  of  Site  SS-15A  by  the  year  2024. 

Remediation  by  natural  attenuation  (RNA)  is  achieved  when  natural  attenuation 
mechanisms  bring  about  a  reduction  in  the  total  mass  of,  or  restrict  the  migration  of,  a 
contaminant  in  the  soil  or  dissolved  in  groundwater.  RNA  results  from  the  integration 
of  several  subsurface  attenuation  mechanisms  that  are  classified  as  either  destructive  or 
nondestructive.  Destructive  attenuation  mechanisms  include  biodegradation,  abiotic 
oxidation,  and  hydrolysis.  Nondestructive  attenuation  mechanisms  include  sorption, 
dilution  (caused  by  dispersion  and  infiltration),  and  volatilization.  In  some  cases,  RNA 
will  reduce  residual  and  dissolved  contaminant  concentrations  below  numerical 
concentration  goals  intended  to  be  protective  of  human  health  and  the  environment.  As 
indicated  by  the  evidence  of  RNA  described  in  Section  6,  these  processes  are  occurring 
in  Site  SS-15A  soil  and  groundwater  and  will  continue  to  reduce  contaminant  mass  in 
the  plume  area. 

Implementation  of  Alternative  1  would  require  the  use  of  institutional  controls  such 
as  land  use  restrictions  and  LTM.  Land  use  restrictions  may  include  placing  long-term 
requirements  for  worker  protection  during  soil  excavation  within  the  source  area  and 
long-term  restrictions  on  groundwater  well  installations  within  and  downgradient  from 
the  plume  area.  The  intent  of  these  restrictions  would  be  to  control  potential  receptor 
exposure  to  contaminants  by  protecting  site  workers  and  restricting  activities  within 
areas  affected  by  site-related  contamination. 
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LTM  would  be  performed  at  a  regular  frequency  and  would  consist  of  sampling  a  set 
of  wells,  including  source  area  and  sentry  monitoring  wells.  The  recommended  site- 
specific  LTM  strategy  is  provided  in  Section  10.  On  the  basis  of  predictive 
contaminant  fate  and  transport  modeling  results  (Section  6. 6. 3. 4),  it  is  unlikely  that 
dissolved  contaminant  concentrations  exceeding  Tier  1  TCLs  will  migrate  to  the 
Flightline  Canal,  which  represents  the  only  potential  receptor  exposure  point  under 
current  conditions.  Nevertheless,  LTM  is  the  technical  mechanism  used  to  evaluate  the 
progress  of  natural  attenuation  processes  and  to  ensure  that  long-term  risk  reduction 
objectives  are  being  met.  Detection  of  dissolved  contaminant  concentrations  exceeding 
risk-based  action  levels  at  a  sentry  well  would  indicate  the  need  for  additional 
evaluation  of  the  probable  extent  of  contaminant  migration,  and/or  to  determine  if 
additional  corrective  action  is  necessary. 

Public  education  on  the  selected  alternative  would  be  developed  to  inform  Base 
personnel  and  potential  new  land  owners  of  the  scientific  principles  underlying  source 
reduction  and  RNA.  This  education  could  be  accomplished  through  public  meetings, 
presentations,  press  releases,  and  posting  of  signs  where  appropriate.  Periodic  site 
reviews  also  could  be  conducted  using  data  collected  from  the  long-term  groundwater 
monitoring  program.  The  purpose  of  these  reviews  would  be  to  evaluate  the  extent  of 
contamination,  assess  contaminant  migration  and  attenuation  through  time,  and 
reevaluate  the  need  for  additional  remedial  actions. 

9.2.2  Alternative  2  -  In  Situ  Bioventing  in  Source  Areas,  Natural  Attenuation, 
Long-Term  Monitoring,  and  Land  and  Groundwater  Use  Controls 

Goal  of  Alternative  2:  Attainment  of  SSTLs  in  the  FANG  Area  by  the  year  2004 
and  attainment  of  Tier  I  groundwater  TCLs  in  all  areas  of  Site  SS-15A  by  2004. 

Alternative  2  is  similar  to  Alternative  1  except  that  in  situ  bioventing  would  be  used 
to  accelerate  the  reduction  of  residual  contaminant  concentrations  in  unsaturated  soils  in 
two  source  areas:  AP26  valve  box  1  and  the  northwest  end  of  AP27.  The  Tier  2 
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health-based  SSTLs  for  benzo(a)anthracene  and  benzo(a)pyrene  in  groundwater  were 
exceeded  at  wells  AP26-MW75  and  AP27-MW78,  and  the  SSTL  for 
benzo(b)fluoranthene  also  was  exceeded  at  well  AP27-MW78. 

Bioventing  at  these  locations  would  reduce  soil  (and  consequently  groundwater) 
concentrations  of  these  COPCs  to  below  Tier  2  SSTLs  more  rapidly  than  with 
Alternative  1.  An  in  situ  pilot-scale  bio  venting  test  was  performed  by  Parsons  ES  at 
Site  SS-15A  in  October  1997.  The  detailed  results  of  this  test  are  presented  in  Section 
8.  As  the  test  results  indicate,  bio  venting  can  effectively  remove  fuel-related 
hydrocarbons  from  unsaturated  soils  at  Site  SS-15A.  One  existing  groundwater 
monitoring  well  (with  the  screened  interval  extending  above  the  saturated  zone)  at  the 
northwestern  ends  of  each  of  Apron  Lines  AP26  and  AP27,  would  be  converted  to  an 
air  injection  VW  and  manifolded  using  underground  air  lines  to  a  common  blower 
system  located  near  the  southeastern  edge  of  the  apron. 

Land  use  and  groundwater  use  controls  for  Alternative  2  would  be  identical  to  those 
described  for  Alternative  1.  For  areas  of  Site  SS-15A  to  be  transferred  from  Air  Force 
control,  deed  restrictions  would  be  required  to  ensure  the  protection  of  future  intrusive 
workers  until  Tier  I  TCLs  are  achieved  through  natural  attenuation.  Additional  site 
access  would  be  required  to  maintain  the  bio  venting  systems.  Long-term  groundwater 
monitoring  also  would  be  the  same  as  Alternative  1.  Additional  soil  gas  monitoring 
would  be  required  for  the  full-scale  bioventing  systems  to  document  the  amount  of 
contaminant  mass  being  removed  from  the  vadose  zone  and  to  ensure  optimal  system 
performance. 

9.2.3  Alternative  3  -  Source  Area  Soil  Excavation,  Short-Term  Groundwater 

Extraction/Treatment,  Natural  Attenuation,  Long-Term  Monitoring,  and 
Land  and  Groundwater  Use  Controls 

Goal  of  Alternative  3:  Attainment  of  SSTLs  in  the  FANG  area  by  the  year  2002  and 
attainment  of  Tier  1  groundwater  TCLs  in  all  areas  of  Site  SS-15A  by  2002. 
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The  objective  of  this  alternative  is  to  remove  contaminated  soils  that  have 
consistently  produced  COPC  concentrations  in  groundwater  in  excess  of  Tier  1  TCLs 
and  SSTLs.  The  areas  targeted  for  soil  removal  are  at  AP26  valve  box  1  and  the 
northwestern  end  of  AP27.  The  specific  objective  of  this  limited  excavation  would  be 
to  remove  soils  that  contain  PAHs  (including  benzo(a)pyrene)  at  levels  that  are  high 
enough  to  generate  long-term  groundwater  contamination  above  the  site-specific 
cleanup  criteria.  Excavation  would  immediately  remove  the  source  of  contamination 
and  could  decrease  the  timeframe  to  attain  Tier  1  groundwater  TCLs  from  decades  to 
less  than  3  years.  Once  the  source  of  long-term  leaching  is  removed,  any  dissolved 
PAHs  should  degrade  rapidly. 

At  each  hot  spot,  approximately  250  cubic  yards  of  unsaturated  and  saturated  soil 
would  be  removed  to  a  depth  of  approximately  8  feet  bgs.  The  exact  depth  of 
excavation  would  be  based  on  field  observations  of  petroleum  staining  or  product 
sheen.  To  accomplish  this  excavation  at  each  hot  spot,  a  30-foot  by  30-foot  area  of 
existing  pavement  would  be  saw  cut,  removed,  and  disposed  of  as  construction  rubble 
(Figure  9.1).  A  small  excavator  would  remove  all  of  the  visibly  contaminated  soil  and 
place  it  on  plastic  sheeting  near  the  excavation.  Soils  would  be  allowed  to  drain,  and 
would  be  sampled  and  transported  to  a  local  stationary  thermal  treatment  facility  which 
accepts  petroleum-contaminated  soils. 

During  excavation,  a  portable  dewatering  pump  would  be  used  to  remove 
contaminated  water  from  the  pit.  Rather  than  immediately  backfilling  the  pit, 
groundwater  would  be  allowed  to  flow  into  the  pit  for  approximately  2  weeks  and 
would  be  removed  by  the  dewatering  pump.  Assuming  a  20-gallon-per-minute  (gpm) 
pumping  rate  and  8  hours  of  operation  per  day,  approximately  150,000  gallons  of 
groundwater  could  be  removed  from  the  vicinity  of  each  hot  spot.  This  equates  to 
approximately  ten  pore  volumes  of  water  that  would  be  removed  from  the  excavation 
area.  This  intensive  pumping  should  significantly  enhance  the  removal  of  dissolved 
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COPCs  and  may  be  sufficient  to  rapidly  reduce  these  compounds  to  Tier  1  cleanup 
criteria. 

Recovered  groundwater  would  be  treated  using  skid-mounted  carbon  cannisters  with 
an  aeration  pretreatment  unit  to  oxidize  and  remove  ferrous  iron  and  prevent  carbon 
fouling.  Treated  groundwater  would  be  discharged  directly  to  the  sanitary  sewer. 
Following  2  weeks  of  dewatering,  the  pit  would  be  backfilled,  compacted,  and  then 
resurfaced  with  asphalt.  A  4-inch-diameter  monitoring  well  would  be  installed  in  the 
center  of  each  excavation  area  to  facilitate  future  source  area  groundwater  sampling. 

9.3  REVIEW  OF  SCREENING  AND  EVALUATION  CRITERIA 

The  evaluation  criteria  used  to  identify  appropriate  remedial  alternatives  for  soil  and 
groundwater  contamination  at  Site  SS-15A  were  adapted  from  those  recommended  by 
USEPA  (1988)  for  selecting  remedial  actions  for  Superfund  sites  [Office  of  Solid  Waste 
and  Emergency  Response  (OSWER)  Directive  9355.3-01],  These  criteria  include  1) 
anticipated  effectiveness  in  meeting  target  cleanup  criteria,  2)  technical  and 
administrative  implementability,  and  3)  relative  cost.  An  initial  screening  of  remedial 
technologies  was  conducted  using  the  three  broad  evaluation  criteria  (Appendix  H). 
The  following  sections  briefly  describe  the  scope  and  purpose  of  each  criterion. 

9.3.1  Effectiveness 

Each  remedial  approach  or  remedial  alternative  (which  can  be  a  combination  of 
remedial  technologies)  was  evaluated  to  determine  how  effectively  it  can  attain  the 
desired  degree  of  cleanup.  Remedial  approaches  that  could  not  cost-effectively  attain 
the  desired  level  of  remediation  were  eliminated  from  further  consideration.  The 
candidate  alternatives  were  designed  to  attain  Tier  1  groundwater  TCLs  for  all  of  Site 
SS-15A  and  Tier  2  SSTLs  for  the  FANG  Area.  Section  7  provides  the  rationale  for  and 
development  of  the  SSTLs  for  the  FANG  Area,  given  the  current  and  planned  future 
land  uses  and  the  potential  for  receptor  exposures  to  site-related  contamination. 


9-9 


022/731298/14.DOC 


Remedial  options  retained  for  detailed  evaluation  are  compared  in  terms  of  the 
expected  effectiveness  of  each  option  to  attain  the  desired  degree  of  risk  reduction  at 
Site  SS-15A,  based  on  site-specific  data  supplemented  with  treatability  test  data 
collected  at  the  site.  The  ability  to  minimize  potentially  adverse  impacts  on 
surrounding  facilities  and  operations  and  other  environmental  resources  is  considered. 
Time  to  implementation  and  time  until  protection  is  achieved  are  described.  Potentially 
adverse  impacts  that  could  be  realized  during  implementation,  the  cost  of  necessary 
mitigation  measures,  and  the  potential  for  residual  risks  remaining  following  remedial 
action  also  are  qualitatively  considered.  Long-term  reliability  for  providing  continued 
protection,  including  an  assessment  of  potential  for  failure  of  the  technology  and  the 
potential  threats  resulting  from  such  a  failure,  also  is  evaluated. 

9.3.2  Implementability 

The  technical  feasibility,  applicability,  and  reliability  of  each  remedial  approach 
were  initially  used  as  broad  criteria  to  narrow  the  list  of  potentially  applicable  remedial 
approaches  for  the  site.  Technologies  retained  for  detailed  evaluation  were  evaluated  in 
terms  of  engineering  implementation,  reliability,  constructability,  and  technical/ 
logistical  feasibility.  Potential  effects  due  to  unanticipated  site  conditions  or  significant 
changes  in  site  conditions  were  considered.  The  ability  to  monitor  performance  and 
public  perception  are  discussed.  Any  prohibition  of  onsite  activities  that  would  be 
required  to  ensure  successful  implementation  is  described. 

9.3.3  Cost 

Relative  cost  of  various  remedial  technologies  was  used  as  an  initial  screening  tool 
(Appendix  H).  More  detailed  cost  estimates  were  prepared  for  each  remedial 
alternative  developed  for  comparative  analysis.  The  cost  includes  operation  and 
maintenance  costs  over  the  time  required  for  implementation.  Present-worth  cost 
estimates  were  prepared  using  a  7  percent  annual  adjustment  factor  in  accordance  with 
USEPA  (1993)  guidance. 
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9.4  DETAILED  EVALUATION  OF  REMEDIAL  ALTERNATIVES 


In  this  section,  each  of  the  candidate  alternatives  is  evaluated  using  the  criteria 
described  in  the  previous  section.  Each  alternative  is  more  fully  described  in  terms  of 
its  effectiveness,  technical  and  administrative  implementability,  and  cost. 

9.4.1  Alternative  1  -  Natural  Attenuation,  Long-Term  Monitoring,  and  Land  and 
Groundwater  Use  Controls 

9.4.1. 1  Effectiveness 

Modeling  results  presented  in  Section  6  indicate  that  contaminant  concentrations  in 
soil  and  groundwater  will  decrease  over  time  through  both  destructive  and 
nondestructive  attenuation  processes.  Natural  chemical  attenuation  processes  should  be 
sufficient  to  reduce  all  dissolved  COPCs  to  the  Tier  1  TCLs  and  SSTLs  by 
approximately  year  2024.  The  assimilative  capacity  of  the  saturated  media  and  the  site- 
specific  biodegradation  rates  will  be  sufficient  to  eventually  transform  fuel  hydrocarbon 
compounds  into  carbon  dioxide  and  water  and  to  limit  migration  of  the  plume.  It 
should  be  noted  that  the  hydrogeology  of  the  site  also  is  responsible  for  the  containment 
of  the  plume  at  the  site.  The  very  low  horizontal  hydraulic  gradient  at  the  site  is 
preventing  contaminants  from  migrating  appreciable  distances  from  the  source  area 
before  they  are  attenuated. 

Contaminant  mass  will  slowly  partition  from  residual  LNAPL  and  dissolve  into 
groundwater.  However,  the  effects  of  biodegradation  should  cause  the  source  to 
diminish  significantly  more  rapidly  than  indicated  by  the  batch-flushing  model.  When 
these  two  source  reduction  processes  (leaching  and  biodegradation)  are  combined  in  the 
analytical  model  for  the  site,  the  maximum  dissolved  benzene  and  benzo(a)pyrene 
concentrations  are  predicted  to  decrease  below  the  Tier  1  benzene  TCL  and  the 
benzo(a)pyrene  TCL  within  6  years  and  27  years,  respectively.  The  downgradient 
migration  of  the  dissolved  contamination  is  predicted  to  be  minimal  (less  than  50  feet 
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from  the  source  area).  LTM  data  would  be  used  to  better  define  contaminant  half-lives 
and  refine  estimates  for  when  Tier  1  TCLs  would  be  uniformly  attained. 

Groundwater  use  controls  are  an  important  component  of  this  alternative.  The 
current  restrictions  on  site  access  (Base  perimeter  fencing  and  fencing  around  the 
FANG  area)  provide  a  measure  of  protection  against  unauthorized  site  access  and 
groundwater  contact.  The  asphalt  and  concrete  pavement  that  covers  the  site  also  limits 
the  potential  for  onsite  personnel  exposure  to  contamination.  The  present 
industrial/uninhabited  land  use  and  nonuse  of  groundwater  have  effectively  interrupted 
potential  exposure  pathways  involving  soil  and  groundwater  at  this  site.  As  a  part  of 
this  CAP,  the  Air  Force  proposes  well  permit  restrictions  to  prevent  withdrawal  of 
groundwater  from  the  shallow  aquifer  for  drinking  water  applications  within  500  feet  of 
Site  SS-15A  until  such  time  as  the  groundwater  COPCs  decrease  below  applicable  Tier 
1  criteria.  Deed  restrictions  should  also  contain  language  requiring  that  any  intrusive 
excavations  below  the  current  asphalt/concrete  apron  be  completed  with  protective 
clothing  and  air  monitoring  in  accordance  with  Occupational  Safety  and  Health 
Administration  (OSH A)  standards.  In  general,  excavation  in  the  area  of  contaminated 
shallow  groundwater  also  should  be  limited  to  prevent  excessive  incidental  contact  with 
contamination.  These  institutional  controls  should  be  a  component  of  any  future  land 
use  change  or  property  exchange  until  such  time  as  unrestricted  Tier  1  TCLs  have  been 
achieved.  This  strategy  will  not  interfere  with  the  current  or  intended  use  of  the  site 
and  affected  physical  media.  In  the  unlikely  event  that  the  site  is  rezoned  for 
unrestricted  residential  use  within  the  next  27  years,  groundwater  use  restrictions  must 
be  kept  in  place  and  enforced  until  such  time  as  COPCs  have  been  reduced  to 
concentrations  equal  to  or  below  unrestricted  use  (Tier  1)  TCLs  at  every  point. 

Long-term  groundwater  monitoring  is  recommended  under  Alternative  1  as  a  method 
of  measuring  the  effectiveness  of  natural  chemical  attenuation.  The  groundwater 
monitoring  network  would  consist  of  existing  and  proposed  groundwater  monitoring 
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wells  that  would  be  sampled  biennially  for  all  COPCs.  A  sufficient  historical 
groundwater  quality  database  exists  to  demonstrate  that  the  dissolved  contaminant 
concentrations  are  not  increasing,  and  hydrogeologic  information  and  fate  and  transport 
modeling  results  indicate  that  plume  migration  will  be  minimal.  Therefore,  more 
frequent  sampling  is  not  required  to  monitor  temporal  changes  in  plume  magnitude  and 
extent.  Sampling  details  are  presented  in  the  LTM  plan  presented  in  Section  10.  Once 
Tier  I  TCLs  are  attained,  2  years  of  annual  verification  sampling  is  proposed  to  verify 
no  adverse  change  in  plume  conditions  before  requesting  regulatory  approval  for  a  Tier 
2  closure  (NFA  with  conditions). 

For  the  purpose  of  cost  estimation,  groundwater  sampling  at  AP26  and  AP27  was 
assumed  to  occur  biennially  (every  other  year)  for  the  first  27  years  (i.e.,  from  1997  to 
2024)  and  every  year  for  the  next  2  years  (i.e.,  until  2026)  to  verify  attainment  of  Tier 
1  TCLs  for  all  targeted  analytes  before  requesting  approval  for  a  NFA  with  conditions 
site  closure.  Sampling  of  selected  additional  wells  at  other  apron  lines  also  was 
assumed  to  occur  biennially  to  monitor  reduction  of  COPC  concentrations  over  time 
across  the  site. 

A  complete  LTM  plan  is  provided  in  Section  10  to  assist  the  Base  in  implementing 
long-term  groundwater  monitoring.  Parsons  ES  has  been  retained  to  complete  the  first 
year  of  groundwater  monitoring  at  Site  SS-15A.  Data  from  each  sampling  event  should 
be  compared  to  model  predictions  to  ensure  that  natural  attenuation  is  preventing  the 
contaminant  plume  from  spreading  further  than  was  predicted  by  the  model.  In  the 
event  that  remediation  is  not  progressing  as  expected  and/or  the  dissolved  plume  is 
migrating  further  or  faster  than  expected,  the  following  contingency  actions  are 
recommended: 

•  Resample  selected  monitoring  wells  to  confirm  initial  results; 
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•  Evaluate  the  results  of  the  most  recent  groundwater  sampling  event  to  determine 
if  there  is  a  trend  indicating  more  rapid  contaminant  migration  due  to  a  lack  of 
natural  attenuation  or  misinterpretation  of  site  hydrogeology; 

•  Determine  if  the  levels  of  groundwater  contamination  present  an  unacceptable  risk 
to  potential  receptors  given  actual  site  and  downgradient  land  use  at  the  time  of 
sampling  (i.e.,  are  exposure  pathways  complete?);  and 

•  If  a  significant  risk  exists,  reevaluate  more  active  methods  of  remediation  and 
implement  the  most  effective  risk-reduction  method  (e.g.,  the  active  remediation 
methods  described  for  Alternatives  2  or  3). 

9.4.1.2  Technical  and  Administrative  Implementability 

Alternative  1  is  technically  simple  and  easy  to  implement.  Several  existing  wells  are 
far  enough  downgradient  to  serve  as  sentry  wells.  Long-term  groundwater  sampling  is 
a  standard  procedure  involving  minimal  worker  exposure  to  contaminated  media. 

Administrative  implementation  of  this  alternative  would  require  that  the  Air  Force 
clearly  communicate  plans  regarding  the  future  use  of  the  Base  and  specifically  Site  SS- 
15A  to  the  public,  FDEP,  and  DERM.  Any  proposed  change  in  land  use  that  differs 
from  industrial  use,  or  any  proposed  groundwater  pumping  within  1,000  feet  of  the 
leading  edge  of  the  current  contaminated  areas,  should  be  carefully  evaluated.  The 
existing  access  restrictions  also  should  be  maintained  to  prevent  unauthorized  access. 
Deed  restrictions  should  also  contain  language  requiring  that  any  intrusive  excavations 
below  the  current  asphalt/concrete  apron  be  completed  with  protective  clothing  and  air 
monitoring  in  accordance  with  Occupational  Safety  and  Health  Administration  (OSHA) 
standards.  Any  future  construction  or  maintenance  activities  in  this  area  should  be 
planned  to  minimize  excavations  which  extend  into  the  groundwater  until  conservative 
Tier  1  TCLs  have  been  achieved.  Steps  should  be  taken  to  protect  the  network  of  LTM 
wells.  Wells  should  remain  locked  and  protected  against  tampering  or  vandalism. 
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Public  perception  of  Alternative  1  could  be  somewhat  negative.  This  alternative 
should  be  adequately  protective  of  human  and  ecological  receptors  if  current 
institutional  controls  are  maintained  after  land  transfers.  Although  no  unacceptable  risk 
exists  at  this  site,  contaminant  concentrations  that  exceed  Tier  1  TCLs  for  groundwater 
would  potentially  persist  onsite  for  a  lengthy  period  of  time.  It  is  anticipated  that  public 
reaction  to  allowing  contaminants  in  excess  of  Tier  1  TCLs  to  persist  onsite  with 
minimal  engineered  remediation  may  not  be  positive.  To  counteract  potentially 
negative  public  opinion,  public  education  would  be  a  prominent  part  of  this  alternative 
and  would  focus  on  the  site-specific  risk  analysis  and  cost  savings.  Human  risk  can  be 
mitigated  through  institutional  controls,  and  COPC  reductions  that  are  compatible  with 
existing  and  future  land  uses  would  be  achieved  at  minimum  taxpayer  expense.  Routine 
LTM  would  provide  verification  of  natural  attenuation  and  ensure  that  site  conditions 
do  not  change  adversely  over  time. 

9.4.1.3  Cost 

The  costs  associated  with  Alternative  1  are  presented  in  Table  9.1.  Detailed  cost 
calculations  are  presented  in  Appendix  H.  Annual  or  periodic  costs  would  include 
groundwater  monitoring  and  site  management  (to  be  provided  by  the  Air  Force  and/or 
the  property  lessee),  which  would  include  evaluation  of  annual  monitoring  data, 
continued  liaison  with  FDEP,  DERM,  and  the  public,  and  participation  in  future  land 
use  planning.  Based  on  the  conservative  assumption  that  27  years  of  natural  chemical 
attenuation  with  14  biennial  LTM  sampling  events  at  AP26  and  AP27  (i.e.,  1998  to 
2024,  every  other  year)  followed  by  2  years  of  verification  sampling  would  be  required 
to  achieve  Tier  1  TCLs,  the  present- worth  cost  of  Alternative  1  is  estimated  to  be 
$184,913.  The  cost  also  includes  10  years  of  biennial  monitoring  of  selected  wells  at 
other  apron  lines. 
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TABLE  9.1 

COST  ESTIMATE  FOR  CORRECTIVE  ACTION  ALTERNATIVE  1 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  ARB,  FLORIDA 


Implementation  Tasks  Present  Worth  Costa/ 

Groundwater  sampling  at  7  locations  at  AP26  and  AP27  $8 1 ,764 

(Bienially  for  27  years,  then  annually  for  2  years) 

Groundwater  sampling  at  5  locations  at  other  apron  lines  $29,483 

(Bienially  for  10  years) 


Site  Management  (29  years)  $73,666 

Present  Worth  of  Proposed  Corrective  Actionb/ _ $184,913 

d  Sampling  costs  assume  sampling  performed  by  local,  Miami-area  personnel. 
b/  Based  on  an  annual  discount  rate  of  7  percent. 


tab9_1  .xls 
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9.4.2  Alternative  2  -  In  Situ  Bioventing  in  Source  Area,  Natural  Attenuation, 
Long-Term  Monitoring,  and  Land  and  Groundwater  Use  Controls 

9.4.2.1  Effectiveness 

Bioventing  would  be  implemented  as  the  source  area  soil  remediation  technology  for 
the  immediate  vicinities  of  AP26  valve  box  1  and  the  northwestern  end  of  AP27;  at 
least  one  Tier  1  TCL  for  groundwater  was  exceeded  at  each  of  these  locations.  Based 
on  the  results  of  the  pilot-scale  bioventing  test  already  performed  at  Site  SS-15A, 
bioventing  will  efficiently  remediate  fuel-related  contamination  in  unsaturated  soils  and 
reduce  the  overall  mass  of  COPCs  entering  the  groundwater.  During  periods  of  low 
groundwater  elevation,  LNAPL  smeared  in  the  soil  will  be  more  available  for  air 
(oxygen)  contact  and  enhanced  biodegradation.  As  with  remedial  Alternative  1,  natural 
chemical  attenuation  would  be  the  only  remedial  approach  prescribed  for  dissolved 
contamination  in  groundwater  at  Site  SS-15A  under  this  alternative. 

The  anticipated  impact  of  bioventing  on  reducing  contaminant  loading  to 
groundwater  from  contaminated  soils  was  incorporated  into  the  analytical  BIOSCREEN 
model  by  decreasing  the  benzene  and  benzo(a)pyrene  source  half-lives  relative  to  the 
half-lives  used  in  the  Alternative  1  simulations.  The  half-lives  used  to  simulate  the 
effects  of  Alternative  2  are  compared  to  those  used  for  Alternative  1  in  Table  9.2.  For 
benzene,  the  estimated  half-life  due  to  flushing  (leaching)  of  benzene  from  the  aquifer 
matrix  was  combined  with  half-lives  associated  with  aerobic  and  anaerobic 
biodegradation  of  this  compound.  It  was  assumed  that  aerobic  and  anaerobic  conditions 
would  each  prevail  for  6  months  per  year  during  bioventing  system  operation.  For 
benzo(a)pyrene,  the  anaerobic  and  aerobic  decay  rates  were  estimated  based  on 
information  provided  by  Howard  (1991).  The  flushing  rate  was  assumed  to  be 
negligible  due  to  the  relative  insolubility  of  this  compound. 

The  analytical  model  predicts  that,  if  bioventing  is  implemented,  dissolved 
benzo(a)pyrene  concentrations  would  decrease  below  0.2  pg/L  (the  Tier  1  TCL  and 
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TABLE  9.2 

SIMULATED  SOURCE  DECAY  RATES  FOR  BIOSCREEN  MODELING 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  ARB,  FLORIDA 


Benzene 

Benzo(a)Pyrene 

Rate 

(day1) 

Half-Life 

(years) 

Rate 

(day1) 

Half-Life 

(years) 

Remedial  Alternative  1 

Flushing  Rate37 

0.00033 

5.8 

negligible 

- 

Anaerobic  Decay  Rateb/ 

0.0025 

0.8 

0.00033 

5.8 

Remedial  Alternative  2 

Flushing  Rate37 

0.00033 

5.8 

negligible 

~ 

Anaerobic  Decay  Rate07 

0.0012 

1.6 

0.00033 

5.8 

Aerobic  Decay  Rated/ 

0.0041 

0.5 

0.0013 

1.45 

37  From  batch  flushing  model  described  in  Section  6.6.1. 


b/  For  benzene,  the  rate  is  the  average  solute  decay  rate  derived  from  site-specific 
data;  for  benzo(a)pyrene,  the  rate  is  from  Howard  (1991). 
d  Rate  is  equivalent  to  one-half  the  average  anaerobic  decay  rate  used  in  Alternative  1 . 

The  anaerobic  rate  was  halved  because  it  was  assumed  that  the  bioventing  system 
would  only  be  effective  6  months  per  year,  and  the  anaerobic  conditions  would  prevail  the 
remaining  6  months. 

^  Benzene  rate  is  based  on  the  assumption  that  90%  of  the  benzene  is  degraded  after 
two  years  of  bioventing  system  operation.  Benzo(a)pyrene  rate  is  from  Howard  (1991). 


decaysum.xls 
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Tier  2  SSTL)  within  7  years,  compared  to  27  years  for  Remedial  Alternative  1  (Figure 
9.2).  The  predicted  migration  distance  of  benzo(a)pyrene  from  the  source  area  is 
negligible  due  to  the  extremely  high  retardation  coefficient  computed  for  this 
compound.  Gonversely,  the  model  predicts  that  bioventing  would  not  significantly 
decrease  the  time  required  for  the  maximum  dissolved  benzene  concentration  to 
decrease  below  the  Tier  1  TCL  of  1  pg/L  (the  projected  time  frame  is  5  years, 
compared  with  6  years  for  Alternative  1.  This  is  because  the  limiting  factor  for 
benzene  is  the  solute  decay  rate  and  not  the  source  decay  rate.  Although  the  benzene 
source  decay  rate  is  more  rapid  in  Alternative  2,  the  model  predicts  that  dissolved 
benzene  concentrations  that  have  migrated  downgradient  from  the  source  area  will 
degrade  at  the  same  rate  as  in  Alternative  1,  and  the  decrease  in  these  dissolved 
concentrations  (controlled  by  the  solute  decay  rate)  will  control  the  time  required  to 
achieve  the  Tier  1  TCL.  The  total  volume  of  groundwater  that  could  be  impacted  by 
the  releases  at  Site  SS-15A  would  not  be  significantly  different  under  this  alternative 
than  would  be  expected  if  no  engineered  source  reduction  activities  were  conducted  at 
this  site. 

The  groundwater  use  controls  for  this  alternative  would  be  identical  to  those 
described  for  Alternative  1.  The  installation  and  operation  of  the  bioventing  system 
would  require  additional  site  access.  The  long-term  groundwater  monitoring  proposed 
for  Alternative  2  would  be  identical  to  Alternative  1.  The  bioventing  system  would 
require  system  maintenance  checks  every  other  week  and  annual  respiration  and  oxygen 
influence  testing  to  ensure  proper  operation  and  monitor  remediation.  Bioventing 
systems  are  relatively  simple  and  require  minimal  maintenance  during  their  operation. 

9.4.2.2  Technical  and  Administrative  Implementability 

Implementation  of  bioventing  would  require  the  conversion  of  one  existing 
groundwater  monitoring  well  at  each  of  the  AP26  and  AP27  source  areas  to  air 
injection  VWs.  The  VWs  would  be  manifolded  using  underground  air  lines  to  a  blower 
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CENTRATIONS 
-BASED  APPROAC 
SITE  SS 


system  located  along  the  edge  of  the  apron.  The  groundwater  monitoring  well 
conversions  and  installation  of  the  bioventing  system  would  not  be  technically  difficult 
and  would  utilize  standard  construction  techniques.  One  blower  would  be  installed 
between  AP26  and  AP27  to  supply  approximately  5  standard  cubic  feet  per  minute 
(scfm)  of  air  to  each  VW.  Electrical  service  would  be  brought  to  the  blower  system 
from  a  source  alongside  the  apron  area.  Electrical  conductors  likely  would  be  buried  to 
avoid  interference  with  vehicular  traffic  and  avoid  the  use  of  power  poles  which  could 
possibly  violate  future  height  restrictions  for  the  flightline  area. 

The  general  reliability  and  maintainability  of  bioventing  systems  is  high.  The 
bearings  on  the  blower  motor  are  sealed  and  do  not  require  lubrication.  In-line  air 
filters  and  automatic  pressure  relief  valves  provide  protection  for  the  air  injection 
blower.  Filters  generally  require  replacement  after  every  90  to  180  days  of  operation. 
It  is  estimated  that  the  bioventing  system  for  the  AP26  and  AP27  areas  would  operate 
for  a  maximum  of  7  years  to  achieve  Tier  1  TCLs  for  groundwater  at  all  apron  lines. 

Administrative  implementation  of  this  alternative  would  be  similar  to  that  described 
for  Alternative  1,  and  would  require  that  Homestead  AFB  personnel  communicate  with 
the  public  and  FDEP  regarding  the  future  use  of  the  site  (i.e.,  continued  industrial  use). 
Appropriate  land  use  deed  restrictions  must  be  enforced  to  prevent  unnecessary 
exposure  of  humans  to  contaminated  soil  and  groundwater.  Access  to  the  site  should 
continue  to  be  restricted  by  the  Base  and  FANG  perimeter  fences.  Any  future  site 
development  plans  should  protect  the  bioventing  system,  the  VWs  associated  with  the 
system,  and  the  underground  pipe  manifolds  and  electrical  utilities.  Wells  and  the 
blower  system  enclosure  should  remain  locked  and  protected  against  damage. 

The  public  perception  of  Alternative  2  would  be  expected  to  be  more  positive  than 
that  of  Alternative  1.  This  alternative  could  reduce  all  COPC  concentrations  to  below 
Tier  1  TCLs  and  SSTLs  relatively  rapidly.  Bioventing  is  expected  to  expedite  the 

attenuation  of  dissolved  contamination  downgradient  from  the  source  area  because  less 
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contaminant  mass  will  be  added  to  groundwater  over  time.  The  primary  advantage  of 
Alternative  2  is  that  it  would  expedite  attainment  of  both  the  Tier  1  groundwater  TCLs 
and  SSTLs  at  AP26  and  AP27.  LTM  would  verify  the  effectiveness  of  the 
implemented  remedy,  better  define  the  time  required  for  bioventing  system  operation, 
and  ensure  that  site  conditions  do  not  change  adversely  over  time. 

9.4.2. 3  Cost 

The  costs  associated  with  Alternative  2  are  presented  in  Table  9.3.  Detailed  cost 
calculations  are  presented  in  Appendix  H.  Annual  or  periodic  costs  would  include 
operation  and  maintenance  of  the  bioventing  system  for  7  years,  groundwater 
monitoring,  and  site  management  (to  be  provided  by  the  Air  Force  and/or  the  property 
lessee),  which  would  include  evaluation  of  annual  monitoring  data,  continued  liaison 
with  FDEP,  DERM,  and  the  public,  and  participation  in  future  land  use  planning. 
Based  on  the  assumption  that  7  years  of  natural  chemical  attenuation  with  7  annual 
LTM  sampling  events  (i.e.,  1998  to  2004)  followed  by  2  years  of  annual  verification 
sampling  would  be  required  to  confirm  attainment  of  Tier  1  TCLs  and  SSTLs,  the 
present- worth  cost  of  Alternative  2  is  estimated  to  be  $271,927. 

9.4.3  Alternative  3  -  Source  Area  Soil  Excavation,  Short-Term  Groundwater 
Extraction/Treatment,  Natural  Attenuation,  Long-Term  Monitoring,  and 
Land  and  Groundwater  Use  Controls 

9.4.3. 1  Effectiveness 

This  alternative  is  identical  to  Alternative  1,  with  the  addition  of  soil  “hotspot” 
excavation  and  limited  groundwater  extraction  in  the  source  areas.  The  effectiveness  of 
natural  attenuation,  institutional  controls,  and  LTM  is  as  described  in  Section  9.3.1. 
Groundwater  extraction  and  treatment  is  an  established  technology  for  reducing  source 
contamination  and  controlling  plume  migration.  The  goal  of  soil  and  groundwater 
extraction  would  be  to  aggressively  target  the  removal  of  COPCs  so  that  both  the  Tier  1 
TCLs  and  SSTLs  would  be  achieved  more  rapidly. 
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TABLE  9.3 

COST  ESTIMATE  FOR  CORRECTIVE  ACTION  ALTERNATIVE  2 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  ARB,  FLORIDA 


Implementation  Tasks 

Present  Worth  Costa/ 

Groundwater  sampling  at  7  locations  at  AP26  and  AP27 

$73,133 

(Annually  for  9  years) 

Groundwater  sampling  at  5  locations  at  other  apron  lines 

$29,483 

(Bienially  for  10  years) 

Bioventing  system  installation  (1998) 

$60,148 

Bioventing  system  O&M  (7  years) 

$57,617 

Confirmation  soil  sampling  and  final  reporting  (2005) 

$12,455 

Site  Management  (9  years) 

$39,091 

Present  Worth  of  Proposed  Corrective  Actionb/ 

$271,927 

37  Sampling  costs  assume  sampling  performed  by  local,  Miami-area  personnel. 
b/  Based  on  an  annual  discount  rate  of  7  percent. 
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The  BIOSCREEN  model  was  not  used  to  simulate  the  effectiveness  of  this  remedial 
alternative  because  simulation  of  nearly  instantaneous  removal  of  the  benzo(a)pyrene 
source  mass  causes  the  model  to  predict  that  dissolved  benzo(a)pyrene  concentrations 
also  will  be  removed  instantaneously.  In  addition,  BIOSCREEN  does  not  have  the 
ability  to  simulate  extraction  of  groundwater  and  dissolved  contaminants  via  pumping 
wells.  However,  it  can  reasonably  be  assumed  that  implementation  of  this  alternative 
would  decrease  COPC  concentrations  in  soil  and  groundwater  to  below  Tier  1  TCLs 
relatively  rapidly  compared  to  Alternatives  1  and  2.  Limited  “hot  spot”  excavation 
would  immediately  remove  the  source  of  contamination  and  achieve  Tier  1  soil  TCLs 
and  soil  SSTLs.  The  influx  of  clean  groundwater  resulting  from  pumping  would 
accelerate  the  partitioning  of  COPCs  from  saturated  soils.  Once  the  source  of  long¬ 
term  leaching  is  removed,  any  dissolved  COPCs  that  are  not  removed  by  pumping 
should  degrade  rapidly.  Therefore,  these  actions  could  potentially  decrease  the  time 
frame  required  to  attain  Tier  1  groundwater  TCLs  and  SSTLs  from  a  maximum  of  7 
years  for  Alternative  2  to  less  than  3  years. 

There  is  a  greater  risk  of  exposure  to  fuel  hydrocarbons  to  remediation  workers 
during  excavation  of  the  contaminated  soils.  Therefore,  this  alternative  would  require 
enforcement  of  health  and  safety  plans  to  reduce  short-term  risks  from  exposure  to 
contaminated  soils  and  shallow  groundwater. 

Extracted  groundwater  would  likely  require  treatment  prior  to  discharge.  Activated 
carbon  treatment  is  a  standard  process  that  should  adequately  remove  dissolved 
contaminants  and  allow  discharge  of  the  treated  water  into  the  sanitary  sewer. 
Alternative  3  should  provide  reliable,  continuous  protection  with  little  risk  from 
temporary  system  failures.  However,  this  remedial  alternative  will  result  in  the 
generation  of  wastes  (pavement,  soil,  and  groundwater)  that  will  require  transportation 
and  treatment  and/or  disposal.  This  alternative  does  not  comply  with  program  goals  to 
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the  extent  that  the  other  two  alternatives  do  due  to  the  generation  of  an  estimated  500 
cubic  yards  of  soil  requiring  off-Base  treatment. 

9. 4.3.2  Implementability 

The  implementability  considerations  described  for  Alternative  1  in  Section  9.3. 1.2 
also  would  be  applicable  to  Alternative  3 .  Soil  excavation  and  installing  and  operating 
a  groundwater  extraction  system  to  reduce  source  area  dissolved  COPC  concentrations 
in  groundwater  could  present  additional  implementability  concerns  due  to  the  short¬ 
term  need  for  increased  infrastructure  and  activity  on  the  flightline  apron. 
Groundwater  extraction  pumps  and  carbon  canisters  are  readily  available,  and  the 
technology  used  to  construct  the  system  is  proven  and  reliable.  Discharge  of  treated 
water  to  the  Base  sanitary  sewer  system  should  not  present  significant  implementability 
problems.  Off-Base  thermal  treatment  facilities  exist,  and  transportation  of  excavated 
soils  to  one  of  these  facilities  can  be  readily  accomplished.  The  technical  and 
administrative  implementability  concerns  associated  with  the  natural  attenuation  and 
LTM  component  of  this  remedial  alternative  are  similar  to  those  discussed  for 
Alternative  1  (Section  6.4. 1.2).  Operation  of  a  groundwater  extraction  and  treatment 
system  would  require  a  significant  commitment  of  man-hours  and  other  resources  to 
monitor  the  system  during  the  projected  30-day  operational  period. 

9.4.3.3  Cost 

The  estimated  capital  and  operating  costs  of  Alternative  3  are  shown  in  Table  9.4. 
The  total  present  worth  cost  of  Alternative  3  is  $195,654.  The  cost  of  Alternative  3  is 
increased  from  the  costs  of  Alternative  1  by  the  addition  of  soil  excavation,  transport, 
and  treatment  and  groundwater  extraction  and  treatment.  It  is  assumed  that  the 
groundwater  extraction  and  treatment  system  would  operate  for  2  weeks  at  each 
excavation  area.  LTM  would  continue  for  at  least  2  years  after  system  shutdown  to 
ensure  that  natural  attenuation  is  reducing  remaining  COPC  concentrations  below 
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TABLE  9.4 

COST  ESTIMATE  FOR  CORRECTIVE  ACTION  ALTERNATIVE  3 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  ARB,  FLORIDA 


Implementation  Tasks 

Present  Worth  Costa/ 

Groundwater  sampling  at  7  locations  at  AP26  and  AP27 

$53,504 

(Annually  for  5  years) 

Groundwater  sampling  at  5  locations  at  other  apron  lines 

$34,111 

(Bienially  for  10  years) 

Soil  Excavation  and  Treatment  (1998) 

$46,790 

Groundwater  Extraction  and  Treatment  (1998) 

$32,650 

Site  Management  (6  years) 

$28,599 

Present  Worth  of  Proposed  Corrective  Actionb/ 

$195,654 

^  Sampling  costs  assume  sampling  performed  by  local,  Miami-area  personnel. 
b/  Based  on  an  annual  discount  rate  of  7  percent. 


tab9_4.xls 
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cleanup  criteria  throughout  the  site  and  to  verify  that  excessive  contamination  does  not 
migrate  off-site. 

9.5  RECOMMENDED  ALTERNATIVE 

Alternative  3  (Source  Area  Soil  Excavation,  Short-Term  Groundwater  Extraction/ 
Treatment,  Natural  Attenuation,  Long-Term  Monitoring,  and  Land  and  Groundwater 
Use  Controls  is  recommended  for  remediation  of  Site  SS-15A  based  on  its  expected 
effectiveness  in  attaining  Tier  1  TCLs  and  SSTLs  developed  for  the  FANG  Area,  its 
relative  simplicity  with  respect  to  technical  and  administrative  implementation,  and  its 
relatively  low  overall  cost.  Table  9.5  provides  a  summary  of  the  evaluation  process  for 
each  alternative. 

Implementation  of  soil  excavation  and  short-term  groundwater  extraction  in  the 
AP26  and  AP27  source  areas  would  substantially  reduce  or  eliminate  the  total  mass  of 
contaminants  that  could  be  introduced  into  the  groundwater  over  time  in  these  areas. 
The  influx  of  clean  groundwater  resulting  from  pumping  would  accelerate  the 
partitioning  of  COPCs  from  saturated  soils.  Once  the  source  of  long-term  leaching  is 
removed,  any  dissolved  COPCs  that  are  not  removed  by  pumping  should  degrade 
rapidly.  It  is  likely  that  significant  concentrations  of  benzo(a)pyrene  in  groundwater 
are  limited  to  the  immediate  vicinities  of  the  AP26  and  AP27  source  areas.  Therefore, 
the  proposed  excavation  and  pumping  should  effectively  remove  a  high  percentage  of 
benzo(a)pyrene  mass  from  the  subsurface. 

Groundwater  monitoring  will  be  used  to  verify  the  effectiveness  of  Alternative  3  at 
reducing  COPC  concentrations  in  groundwater  and  to  assure  that  COPCs  do  not 
migrate  beyond  the  area  under  reliable  exposure  controls.  The  short-term  nature  of  the 
soil  excavation  and  groundwater  extraction  indicates  that  implementation  of  this 
alternative  should  not  affect  future  land  use  or  operations. 
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TABLE  9.5 

SUMMARY  OF  REMEDIAL  ALTERNATIVE  EVALUATION 
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Although  Alternative  1  (natural  attenuation  with  monitoring  and  institutional 
controls)  also  would  be  protective  of  human  health  and  would  result  in  reduction  of 
COPC  concentrations  in  groundwater,  this  alternative  is  not  recommended  due  to  the 
potentially  long  timeframe  (up  to  27  years)  required  to  attain  the  Tier  1  TCL  and  SSTL 
for  benzo(a)pyrene  in  groundwater.  In  addition,  the  projected  cost  of  Alternative  1  is 
very  similar  to  that  of  Alternative  3. 

BIOSCREEN  model  simulations  indicate  that,  similar  to  Alternative  3, 
implementation  of  Alternative  2  (Alternative  1  plus  in  situ  bioventing  of  source  areas 
soils)  also  would  result  in  rapid  attainment  of  Tier  1  TCLs  and  SSTLs  relative  to 
Alternative  1.  However,  the  projected  cost  of  this  alternative  is  substantially  higher 
than  that  of  Alternative  3,  and  the  projected  time  to  SSTL  attainment  is  approximately 
double  that  of  Alternative  3.  Therefore,  implementation  of  this  alternative  is  not 
recommended. 

On  the  basis  of  this  evaluation,  Alternative  3  provides  the  best  combination  of  risk 
reduction  and  low  cost  without  imposing  additional  land  use  restrictions.  If,  however, 
the  temporary  disruption  of  the  site  that  would  result  from  implementation  of 
Alternative  3  is  not  acceptable,  then  Alternative  1  should  be  considered  as  a 
contingency.  Section  10  provides  additional  details  on  the  recommended 
implementation  of  this  alternative. 
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SECTION  10 


IMPLEMENTATION  OF  THE  RECOMMENDED  RISK-BASED 

CORRECTIVE  ACTIONS 

This  section  provides  an  implementation  plan  for  the  recommended  risk-based 
corrective  action  for  Site  SS-15A  (i.e.,  Alternative  3:  source  area  soil  excavation  and 
short-term  groundwater  extraction  in  FANG  Area,  RNA  with  LTM  and  institutional 
controls  in  other  areas  with  Tier  1  exceedences).  This  section  presents  the  scope, 
schedule,  and  costs  for  the  implementation  of  the  selected  remedial  alternative. 

10.1  SCOPE  OF  REMEDIAL  ACTIVITIES 

The  recommended  remedial  action  alternative  will  be  implemented  over  an  estimated 
5-year  period  to  ensure  that  contamination  in  groundwater  at  Site  SS-15A  is  reduced 
sufficiently  to  attain  and  maintain  the  Tier  1  groundwater  TCLs  presented  in  Section  5 
and  SSTLs  presented  in  Section  7.  Once  groundwater  is  reduced  below  Tier  1  TCLs, 
institutional  controls  on  excavation  can  be  reviewed  to  determine  if  they  are  still 
required.  The  following  sequence  of  events  is  proposed  to  fully  implement  this 
remedial  action. 

10.1.1  Review  and  Approval  of  Corrective  Action  Plan 

Approval  of  the  draft  final  CAP  is  within  the  authority  of  Homestead  AFB,  FDEP, 
DERM,  and  AFCEE  personnel.  This  group  of  environmental  professionals  has  been 
briefed  on  the  CAP  contents  by  Parsons  ES  and  the  Air  Force  and  completed  a  review 
of  the  draft  final  CAP.  Their  comments  have  been  incorporated  into  this  final  CAP. 
This  document  will  be  distributed  to  each  of  the  above  organizations  for  final  approval 
of  the  CAP.  Following  final  approval,  the  Air  Force  intends  to  proceed  with  a  design 
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of  the  proposed  excavation  and  dewatering  and  implement  the  corrective  actions 
described  in  this  section. 

10.1.2  Institutional  Land  and  Groundwater  Use  Controls 

An  important  element  of  the  recommended  corrective  action  at  Site  SS-15A  is  land 
and  groundwater  use  controls.  Figure  10.1  illustrates  three  areas  of  Site  SS-15A  which 
require  separate  consideration  when  applying  institutional  controls.  The  first  area 
encompasses  apron  fuel  lines  AP-4  through  AP-9.  Soil  and  groundwater  sampling  in 
this  area  has  not  revealed  any  Tier  1  exceedences.  This  area  can  be  transferred  with 
minimal  institutional  controls  which  state  that  the  land  will  be  used  for  general 
industrial  use  and  any  excavation  will  proceed  following  routine  OSHA  excavation 
standards. 

The  second  area  consists  of  apron  lines  AP-10  through  AP-25  and  the  southern 
portions  of  AP-26  through  AP-29.  Soil  and  groundwater  sampling  in  this  area  has 
revealed  minor  Tier  1  exceedences,  primarily  low  levels  of  BTEX,  and  PAH 
compounds  which  may  be  associated  with  the  asphalt  cap.  This  area  can  be  transferred 
from  Air  Force  control  with  the  following  institutional  controls  recommended  for  the 
deed  or  other  legal  documents: 

1.  Land  use  will  remain  industrial/commercial; 

2.  Any  excavation  or  removal  of  asphalt  paving  will  be  completed  by  workers 
who  are  wearing  protective  clothing  and  gloves  in  accordance  with  OSHA 
Level  D  requirements.  Air  monitoring  will  be  conducted  to  ensure  that  no 
hazardous  vapors  are  encountered  (they  are  not  expected,  this  is  a  precaution); 

3.  Prolonged  contact  with  groundwater  should  be  avoided  until  groundwater 
monitoring  indicates  that  Tier  1  TCLs  have  been  attained  in  the  area. 
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The  third  area  consists  of  the  active  FANG  area.  Soil  and  groundwater  sampling  in 
this  area  has  revealed  consistent  Tier  1  and  SSTL  exceedences.  Excavation  and  short¬ 
term  groundwater  extraction  have  been  recommended  for  two  “hot  spots”  within  the 
FANG  area.  This  remedial  action  will  ensure  that  future  intrusive  workers  in  this  area 
are  not  exposed  to  contaminants  at  levels  above  protective  SSTLs.  The  remedial 
actions  are  expected  to  also  reduce  contaminants  below  Tier  1  TCLs.  Until  such  time 
as  LTM  verifies  that  Tier  1  TCLs  have  been  achieved,  institutional  controls  (1-3  above) 
should  also  be  enforced  for  the  FANG  area.  It  is  recommended  that  access  to  the  site 
continue  to  be  restricted.  This  action  will  prohibit  unauthorized  site  access  and 
unplanned  ground  disturbance. 

The  site  cleanup  objectives  also  are  based  on  the  assumption  that  future  land  use  will 
not  require  extraction  of  shallow  site  groundwater  for  potable  uses.  Any  future  lease  or 
new  use  of  this  property  (or  surrounding  property)  should  stipulate  that  shallow 
groundwater  will  not  be  extracted  within  500  feet  of  the  site  until  COPC  concentrations 
have  been  reduced  below  applicable  concentrations. 

10.1.3  Implementation  of  Long-Term  Groundwater  Monitoring 

Section  10.2  of  this  CAP  provides  a  complete  LTM  plan  for  Site  SS-15A.  Long¬ 
term  groundwater  monitoring  is  being  proposed  to  verify  that  engineered  source 
reduction  technologies  and  natural  chemical  attenuation  processes  are  sufficient  to 
achieve  the  desired  degree  of  remediation  (i.e.,  to  protect  potential  receptors).  Careful 
implementation  of  the  LTM  plan  is  a  key  component  of  this  CAP.  The  proposed 
remedial  alternative  for  this  site  calls  for  groundwater  sampling  on  an  annual  basis  until 
Tier  1  groundwater  TCLs  are  attained  at  every  sampling  location.  Additionally,  2 
years  of  verification  sampling  will  be  performed  after  TCLs  are  attained  to  confirm  that 
dissolved  contaminant  concentrations  are  continuing  to  diminish.  Wells  will  be  purged 
in  accordance  with  the  SAP  presented  in  Appendix  F,  and  then  sampled  for 
groundwater  COPCs  and  geochemical  indicators  of  biodegradation. 
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Groundwater  monitoring  is  recommended  to  begin  in  1998  upon  approval  of  the 
final  CAP.  Annual  sampling  is  considered  appropriate  to  monitor  the  relatively  rapid 
reductions  in  groundwater  contaminant  concentrations  that  are  expected  to  occur 
following  excavation  and  groundwater  extraction.  Results  of  each  groundwater 
sampling  event  should  be  provided  to  Homestead  AFB,  FDEP,  DERM,  and  AFCEE  to 
update  all  parties  involved  on  remediation  progress  and  to  provide  new  information  for 
pending  land  use  decisions,  as  necessary. 

10.1.4  Soil  Excavation  and  Groundwater  Extraction 

As  discussed  in  Section  9.1.3,  an  estimated  250  cubic  yards  of  contaminated  soil  will 
be  removed  from  each  of  the  AP26  and  AP27  source  areas  as  part  of  the 
implementation  of  this  alternative.  Excavation  of  soils  will  be  performed  with  a 
backhoe.  It  is  anticipated  that  the  excavations  will  be  approximately  30  feet  wide  by  30 
feet  long  by  8  feet  deep.  The  actual  extents  of  the  two  excavations  will  be  determined 
in  the  field  based  on  field  headspace  screening  of  grab  samples  collected  from  the  sides 
and  bottoms  of  the  excavations.  Confirmation  soil  samples  will  be  submitted  to  a  fixed- 
base  laboratory  for  analysis  of  COPCs.  A  dewatering  pump  will  be  used  as  needed  to 
remove  groundwater  that  enters  the  excavation.  Excavation  will  continue  until  all 
apparent  contamination  has  been  removed.  Excavated  soils  will  be  placed  on  plastic 
sheeting  on  the  flightline  apron  and  allowed  to  drain,  then  transported  to  an  off-Base 
thermal  treatment  facility  for  disposal.  After  soil  removal,  the  dewatering  system  will 
continue  to  be  operated  for  an  estimated  2  weeks,  8  hours  per  day  to  remove  dissolved 
COPCs.  Extracted  water  will  be  treated  in  an  aeration  pretreatment  unit  followed  by 
activated  carbon  filtration,  and  then  discharged  to  the  sanitary  sewer.  Samples  of  the 
extracted  water  will  be  analyzed  at  a  fixed-base  laboratory  to  confirm  that  COPC 
concentrations  have  been  adequately  reduced  by  the  pumping. 
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10.2  LONG-TERM  MONITORING  PLAN 


The  purpose  of  the  LTM  plan  is  to  confirm  the  effectiveness  of  proposed  engineered 
remediation  and  natural  processes  at  achieving  the  desired  level  of  risk  reduction  in  a 
reasonable  time  frame.  As  part  of  this  monitoring  and  compliance  plan,  contaminant 
behavior  in  groundwater  will  be  monitored  to  verify  that  the  proposed  corrective  action 
is  sufficient  to  protect  groundwater  underlying  the  source  area  at  Site  SS-15A  and  to 
prevent  significant  downgradient  migration.  In  the  event  that  data  collected  under  this 
program  indicate  that  the  selected  alternative  is  insufficient  to  maintain  plume  stability 
and  eventually  achieve  Tier  1  groundwater  TCLs  at  Site  SS-15A,  contingency  actions  to 
augment  the  effects  of  the  proposed  corrective  action  will  be  evaluated. 

10.2.1  Groundwater  Monitoring 

A  total  of  seven  wells  will  be  sampled  annually  to  monitor  the  fate  and  transport  of 
COPCs  in  groundwater  at  AP26  and  AP27  over  time.  The  purpose  of  the  monitoring 
events  is  to  confirm  that  engineered  remediation  and  natural  chemical  attenuation 
processes  are  reducing  COPC  concentrations  and  limiting  mobility.  These  wells  are 
located  within  and  near  the  AP26  and  AP27  source  areas  to  ensure  that  implemented 
remedial  actions  and  natural  chemical  attenuation  processes  are  sufficient  to  eventually 
attain  SSTLs  and  Tier  1  TCLs,  and  to  minimize  COPC  transport  in  groundwater.  The 
locations  of  all  wells  to  be  used  for  LTM  at  AP26  and  AP27  are  illustrated  on  Figure 
10.2. 

Source  area  wells  AP26-MW75  and  AP27-MW78  will  be  destroyed  during  the  soil 
excavations.  However,  replacement  wells  will  be  installed  in  the  excavation  areas,  and 
will  serve  as  source  area  groundwater  monitoring  stations  over  time.  In  addition,  wells 
AP26-MW113,  AP26-MW77,  and  AP26-MW116  will  act  as  sentry  wells  at  AP26,  and 
will  be  sampled  to  confirm  that  excessive  migration  of  dissolved  COPCs  is  not 
occurring.  Wells  AP27-MW79  and  AP27-MW80  will  act  as  sentry  wells  at  AP27.  If 
enlargement  of  the  excavation  areas  necessitates  the  destruction  of  wells  AP26-MW77 
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and  AP27-MW80,  then  two  new  sentry  wells  should  be  installed  near  the  fuel  pipelines 
approximately  50  feet  southeast  of  the  source  areas. 

Biennial  (every  other  year)  sampling  of  seven  additional  wells  scattered  across  Site 
SS-15A  also  is  recommended  to  monitor  temporal  reductions  in  dissolved  COPC 
concentrations  over  time.  Dissolved  COPC  concentrations  in  these  wells  slightly 
exceed  Tier  1  TCLs,  which  represent  the  long-term  cleanup  goals  for  the  site.  This 
monitoring  will  allow  assessment  of  how  rapidly  natural  physical  and  chemical 
attenuation  processes  are  reducing  dissolved  COPC  concentrations  to  below  Tier  1 
TCLs.  The  wells  proposed  for  sampling  include  AP23-MW67  (elevated  MTBE  and 
naphthalene  concentrations),  AP16-MW39  and  AP12-MW24  (elevated  benzene 
concentrations),  AP11-MW14  (elevated  ethylbenzene,  naphthalene,  and  TRPH 
concentrations,  AP15-MW37  and  AP17-MW40  (elevated  benzene  and  vinyl  chloride), 
and  AP10-MW9  (elevated  benzene  and  ethylbenzene  concentrations). 

The  seven  source  area  and  sentry  wells  at  AP26  and  AP27  will  be  monitored  for 
parameters  listed  in  Table  10.1.  Historical  groundwater  quality  data,  together  with  the 
aggressive  removal  of  soil  and  contaminated  groundwater,  indicate  that  it  is  unlikely 
that  site-related  COPCs  in  excess  of  even  the  most  stringent  Tier  1  TCLs  ever  will  be 
measured  at  the  sentry  wells.  The  detection  of  COPC  contamination  at  concentrations 
exceeding  Tier  1  criteria  in  any  of  the  sentry  wells  will  trigger  the  need  to  evaluate 
contingency  actions.  These  actions  could  include  resampling  of  sentry  wells  to  confirm 
the  presence  of  contaminants  in  excess  of  the  Tier  1  target  concentrations,  and/or 
installing  new  sentry  wells  further  downgradient  from  the  source  areas. 

In  addition  to  the  geochemical  parameters  listed  in  Table  10.1,  the  seven  additional 
LTM  wells  at  apron  lines  AP23,  AP15,  AP16,  AP17,  AP12,  AP11,  and  AP10  will  be 
monitored  for  the  constituents  that  have  historically  exceeded  Tier  1  TCLs.  These 
constituents  are  as  follows: 
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TABLE  10.1 

GROUNDWATER  MONITORING  ANALYTICAL  PROTOCOL 
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AP23-MW67 

BTEX,  MTBE,  and  PAHs; 

AP17-MW40 

BTEX,  PAHs,  vinyl  chloride; 

AP16-MW39 

BTEX  and  PAHs; 

AP15-MW37 

BTEX,  vinyl  chloride; 

AP12-MW24 

BTEX  and  PAHs; 

AP11-MW14 

BTEX,  PAHs,  and  TRPH;  and 

AP10-MW9 

BTEX  and  PAHs. 

Analytical  methods  for  these  targeted  parameters  are  identified  in  Table  10.1. 

10.2.2  Sampling  Frequency 

Each  of  the  groundwater  sampling  points  at  AP26  and  AP27  will  be  sampled  every 
year  until  all  COPC  concentrations  decrease  below  SSTLs  and  Tier  1  TCLs. 
Attainment  of  both  Tier  1  TCLs  and  SSTLs  is  estimated  to  occur  in  within 
approximately  3  years  (i.e.,  by  the  year  2002,  assuming  that  the  source  area  excavation 
and  pumping  activities  occur  in  late  1998).  Therefore,  three  annual  sampling  events, 
beginning  in  1999,  would  be  performed.  The  groundwater  sampling  points  at  AP23, 
AP17,  AP16,  AP15,  AP12,  AP11,  and  AP10  will  be  sampled  every  other  year  because 
temporal  changes  in  dissolved  COPC  concentrations  are  not  anticipated  to  be  rapid. 
Historical  data  should  be  reviewed  to  determine  at  what  time  of  year  maximum 
dissolved  contaminant  concentrations  are  typically  detected  at  Site  SS-15A  (e.g.,  during 
high-water  periods),  and  the  annual  and  biennial  sampling  events  should  be  timed  to 
coincide  with  these  periods.  In  the  event  of  a  hurricane,  the  groundwater  and  nearby 
surface  water  will  be  monitored  within  six  months  following  the  storm  to  assess  the 
impact  on  this  otherwise  stable  plume. 

Sampling  results  will  be  evaluated  after  each  event  to  document  reduction  of 
contaminant  concentrations  and  plume  stability.  Monitoring  of  all  seven  wells  in  the 
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LTM  network  at  AP26  and  AP27  will  continue  until  the  site  has  uniformly  attained  the 
Tier  1  TCLs  and  SSTLs  for  groundwater.  Two  years  of  annual  sampling  will  be 
performed  following  attainment  of  the  Tier  1  TCLs  to  ensure  continuing  compliance 
with  the  approved  target  concentrations  (assumed  to  occur  in  2002  and  2003). 
Monitoring  of  the  remaining  seven  LTM  wells  at  other  apron  lines  should  continue  at 
least  until  contaminant  reductions  below  Tier  1  TCLs  have  been  clearly  documented. 

10.3  CONTINGENCY  PLAN 

Should  engineered  remediation  and  natural  chemical  attenuation  processes  fail  to 
achieve  and  maintain  cleanup  goals  and  retard  plume  migration,  there  should  be  no 
significant  impact  on  the  land  use  plans  for  the  site.  No  nonindustrial  land  use  has  been 
proposed  for  Site  SS-15A;  for  the  foreseeable  future,  Site  SS-15A  will  continue  to  be 
used  as  a  flightline  apron.  If  cleanup  goals  are  not  achieved  at  Site  SS-15A, 
institutional  controls  may  have  to  be  maintained  to  ensure  that  intrusive  workers  are 
protected  from  prolonged  contact  with  impacted  media.  Nonetheless,  even  if  Tier  1 
TCLs  are  not  met  at  Site  SS-15A  in  the  predicted  timeframe,  the  site  will  still  be 
suitable  for  intrusive  activities  so  long  as  OSHA  requirements  are  enforced. 

Groundwater  extraction  is  not  anticipated  at  the  site  as  long  as  alternate  potable 
water  supplies  exist.  In  the  unlikely  event  that  shallow  groundwater  from  the  site  must 
be  extracted  for  potable  uses,  and  applicable  Tier  1  TCLs  for  groundwater  have  not  yet 
been  achieved,  the  following  contingency  actions  are  available: 

•  The  results  of  groundwater  sampling  will  be  evaluated  to  determine  if  there  is  a 
trend  indicating  that  natural  chemical  attenuation  is  not  proceeding  at  the  rates 
predicted  in  Section  6. 

•  If  onsite  groundwater  is  to  be  used  as  a  potable  water  source  before  natural 
attenuation  processes  can  achieve  Tier  1  TCLs,  or  if  shortening  of  the  remedial 
timeframe  is  required,  more  active  methods  of  remediation  will  be  evaluated. 
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These  more  active  methods  could  include  excavation  of  source  area  soils  and 
localized  groundwater  pumping  at  other  locations  across  the  site,  similar  to  what 
is  proposed  for  apron  lines  AP26  and  AP27. 

Failure  of  the  proposed  soil  remediation  and  ongoing  natural  chemical  attenuation  to 
achieve  risk-based  cleanup  goals  will  not  impact  the  current  or  proposed  industrial  uses 
of  Site  SS-15A,  unless  groundwater  must  be  extracted  for  long-term  potable  use  or  the 
land  use  changes  to  residential.  Both  of  these  scenarios  are  highly  unlikely.  Because 
low  groundwater  velocity  at  the  site,  multidirectional  flow,  and  natural  chemical 
attenuation  processes  have  been  shown  to  be  effective  in  minimizing  migration,  no 
detectable  levels  of  COPCs  are  expected  to  migrate  to  the  Flightline  Canal,  which 
represents  the  nearest  current  groundwater  discharge  point. 

10.4  IMPLEMENTATION  SCHEDULE 

Figure  10.3  is  a  proposed  schedule  for  implementation  of  the  CAP  at  Site  SS-15A. 
The  schedule  is  provided  for  planning  purposes  only,  and  is  subject  to  timely  approval 
of  the  CAP  by  the  Air  Force  and  regulators. 

10.5  COST  OF  IMPLEMENTATION 

A  summary  of  the  estimated  present-worth  cost  of  implementing  the  recommended 
remedial  alternative  is  provided  in  Section  9. 3. 3. 3.  Table  10.2  provides  a  cost 
estimate,  based  on  estimated  expenditures  during  the  next  5  fiscal  years,  to  assist  the 
Air  Force  in  budgeting  for  implementation  of  the  recommended  Site  SS-15A  corrective 
actions.  The  present  worth  of  implementing  Alternative  3  is  $195,654.  It  is  estimated 
that  it  will  take  about  3  years  to  attain  Tier  1  TCLs  and  SSTLs  in  groundwater  under 
Alternative  3.  Verification  of  continuing  compliance  will  require  an  additional  2  years, 
for  a  total  projected  compliance  timeframe  of  5  years  (i.e.,  1998  until  2003). 
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IMPLEMENTATION  OF  PROPOSED  ACTIONS 
SITE  SS-15A,  HOMESTEAD  ARB,  FLORIDA 


TABLE  10.2 

ALTERNATIVE  3  IMPLEMENTATION 
ESTIMATED  COST  BY  FISCAL  YEAR  * 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 


^  Assumes  a  7-percent  annual  inflation  rate  (USEPA,  1993). 
b/  Currently  funded  under  Parsons  ES  contract  with  AFCEE. 
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APPENDIX  A 


GEOLOGIC  LOGS  AND  GROUNDWATER  SAMPLING  FORMS 


1  :\hill\ou  l\report\appencov  .doc 


Sheet  l  of  ( 


boring  no.  (JVPl1^  -  Sai 

CLIENT:  ft-FCt'ir _ 

kjOB  NO.:  2JLL2-f-H  — 

'LOCATION:  H/4RC 

GEOLOGIST:  ZT  -  H £ 7/ _ 

COMMENTS: 


Hev.  iDepthl  Pro-  US 
(ft.)  (ft.)  file  CS 


CONTRACTOR:  Pr^c.S/V^  £WAv. 


RIG  TYPE: 


CMtT  S' 


*DRLG  METHOD:  S  PU  t~  S  ^SL  fa 


BORING  DIA.: 
"DRLG  FLUID 


DATE  SPUD:  lo/ltfM  1 
‘DATE  CMPL 

'  ELEVATION: _ _ 

‘TEMP.:  -  gzT/- 

‘  WEATHER: 


?:  3s 


Geologic  Description _ 

CW_jA_S _£}^]S.  2— . 

SA</0  ^  r»/  S(  i^»-<rcsT~ 

Cj,  r.  <>- _ 

CAA  - 


Samples  |Sample|  Penet.  |  Remarks 

No.  |Dcpth  (ft)  Type  Res.  TIP  »  Bfcgmd/Rcading  (ppm) 


lM  b-A- 


WE 

_ ‘V  (7;Ao 

o/?6 


&  -  and 
©  -  at 
w  -  with 


v  -  very 
It  -  light 
dk  -  dark 
bf  -  buff 
brn  -  brown 
blk  -  black 


f  -  fine 
m  -  medium 
c  -  coarse 
BH  -  Bore  Hole 
S  AA  -  Same  As  Above 


SAMPLE  TYPE 
D-  DRIVE 
C  -  CORE. 
G-GRAB 


Core  recovery 


Core  lost 


Water  level  drilled 


ENGINEERING-SCIENCE 


Sheet  /  of  ( 


BORING  NO.  DPi%-  ClfA  ' 


CLIENT: 

}lOB  NO.: 
LOCATION:  } 
GEOLOGIST: 
COMMENTS:^ 

Elev.  Depth 
(ft)  (ft.) 


) 

)BJ>  APiX 

CT-A/cWi _ ; 


CONTRACTOR: 
~RIG  TYPE: 
~DRLG  METHOD: 
"BORING  DIA.: 
"DRLG  FLUID 


<Fr<?  <:<’?/’#  a  £)  //  /’*£ 
CMg-  J<T 

_ 


DATE  SPUD:  /ey/p  7  /<^g> 

‘DATE  CMPL: 

"ELEVATION: 


TEMP.: 

“WEATHER: 


Geologic  Description 

ijj^e  (  3-tZZ  £ 

oJ~«r _ _ _ _ 


Samples  Sample  Penct. 


Remarks 


No.  Depth  (ft)  Type  Res.  TIP  =*  Bkgmd/Rctdmg  (ppm) 


Sc  -  and 
(q}  -  at 
w  —  with 


y  -  very 
It  -light 
dk  -  dark 
bf  -  buff 
brn  -  brown 
bik  -  black 


f  -  fine 
m  -  medium 
c  -  coarse 
BH  -  Bore  Hole 
SAA  -  Same  As  Above 


SAMPLE  TYPE 
D-  DRIVE 
C  -  CORE- 
G-GRAB 


Core  recovery 


Core  lost 


Water  level  drilled 


ENGINEERING-SCIENCE 


Sheet  (  of  f 


RDPiNf?  NO.  A- ft  IR~~  UUJj  :  — CONTRACTOR: 

CLIENT:  A  _  RIG  TYPE:  — C  2_!> 

klOB  NO.:  IZi'm-OZ'Xto  DRLG  METHOD:  - 

LOCATION:  H-flfcG  fl-Plfr _ BORING  DIA.:  - Sr,  "  1 P  - 

GEOLOGIST:  _ DRLG  FLUID  - - - 

COMMENTS: _ _ _ _ _ _ 


CONTRACTOR:  QzHIlHI  DATESPUP:  C0/W<?7  I, 

RIG  TYPE:  ( t*C  S~ _  DATE  CMPL:  to/p  V  /»  7 

DRLG  METHOD:  _ _ _ ELEVATION: - __ - 

BORING  DIA.:  Sc  "  06 _  TEMP.:  %S1L _ 

'  r-T  T  T  TT~\  ^  WEATHER: 


Elev.  iDepthl  Pro-  I  US 
(ft)  (ft)  file  CS 


Geologic  Description 

A ^  ±  j  ’  ~ 

t*Aat±V  - 


Samples  Sample  Penet.  Remarks 

No.  [Depth  (ft)  Type  Res.  TIP  « Bkgrnd/Rcading  (ppm) 


U 


*7^  190 
ojs&nj 

*iO  — £ - 

(J  £  " 


si  -  slight 
tr  -  trace 
sm  —  some 
&.  -  and 

(Q  -  at 
w  -  with 


v  -  very 
It  -  light 
dk  -  dark 
bf  -  buff 
brn  -  brown 
blk  -  black 


f  -  fine 
m  -  medium 
c  -  coarse 
BH  -  Bore  Hole 
SAA  -  Same  As  Above 


SAMPLE  TYPE 
D-  DRIVE 
C  -  CORE. 
G-GRAB 


iVE  C  Core  recovery 
'RE 

>  AB  Core  lost 

Water  level  drilled 


ENGINEERING-SCIENCE 


BORING  NO. 
CLIENT: 

I  JOB  NO.: 
LOCATION: 
GEOLOGIST: 
COMMENTS: 


APfSr-  '  CONTRACTOR: 

A-FCfcTf  RIG  TYPE: 

23 DRLG  METHOD: 
^/4/S6  flP-tfr  BORINGDIA.: 

DRLG  FLUID 


CONTRACTOR:  Pr<?c<  s ><t^  Q-.~ //.’*< 

RIG  TYPE:  CMeT  3 £ _ 

DRLG  METHOD:  S£& _ 

BORINGDIA.:  " _ 

DRLG  FLUID  - - 


DATE  SPUD:  !J±2c_ 

’DATE  CMPL:  I 9 9 _ 

’ELEVATION: 

"TEMP.:  -  _ 

WEATHER:  _ 


Samples  Sample  Penet.  Remarks 

No.  (Depth  (ft) |  Type  Res.  TIP  =»  Bkgrad/Resding  (ppm) 


ENGINEERING-SCIENCE 


Sheet 


I  Of  ( 


boring  NO.  S/S/ _ 

CLIENT:  A  fC  <e~£r~~ _ _ _ 5110  T"'1^ 

|  OB  NO.:  2ALtfl^l^  DRLG  METHOD 

r  LOCATION:  f4  fl  &B  &£.  ^~°  BORING  DIA.: 

GEOLOGIST:  ^jJ±*AL _ DRLG  FLUID 

COMMENTS:  _ _ 


fi-gc  > 5Va~  1 

D:  Sot;+  S 

^  ^ _  — 


DATE  SPUD:  k/^4/ /  2<=<J 
[DATE  CMPL:^/P-V/f  7  ~ 

"ELEVATION: _ 

'TEMP.:  ^  gS~^ _ 

‘WEATHER: 


Elev.  IDepthl  Pro-  US 
(ft)  I  (ft.)  I  file  CS 


Geologic  Descripdon 


_ __ _ 


A ~tz 


Samples 


No.  Depth  (ft) 


Remarks 

HP  *  Blcgrad/Reading  (ppm) 


mm 


v  -  very 
It  -  light 
dk  -  dark 
bf  -  buff 
brn  -  brown 
blk  -  black 


f  -  fine 
m  -  medium 
c  -  coarse 
BH  -  Bore  Hole 
SAA  -  Same  As  Above 


SAMPLE  TYPE 
D-  DRIVE 
C  -  CORE- 
G-GRAB 


Core  recovery 


Core  lost 


Water  level  drilled 


ENGINEERING-SCIENCE 


Sheet  (  of  ^ 


BORING  NO.  SJkl 

CLIENT:  ft  PC 

^piOB  NO.:  '7.V2-fSr.o.1&™ 


GEOLOGIC  BORMGJ-XKi 

Pr<cCs;*~  DATE  SPUD:  »o {jU^R 

_ DATE  CMPL:~|fl/>4/£?  IQ'JQ 


"LOCATION: 
GEOLOGIST: 


A-P-ilr 


0  •If'ir/ 


CONTRACTOR: 
'RIG  TYPE: 
"DRLG  METHOD: 
"BORING  DIA.: 
"DRLG  FLUID 


C*£  3 S' _ 

hLgA-  SPjikl£3HC. 
2-S" -3-6 _ _ 


ELEVATION: _ 

'TEMP.:  - 

"WEATHER: 


.i’q  <£j£L 7- 


Sheet 


l 


of 


/ 


BORING  NO.  £  -JA  2  - 

CLIENT:  ft  P^fctr _ _ 

| JO 3  NO.:  ?SJ2L  ^a<c^ 

f LOCATION:  Hftgg  ft 
GEOLOGIST:  JT  ZEUL 

COMMENTS: _ _ 


CONTRACTOR:  Pr»c*'St4'*  &sdil 

RIG  TYPE:  C  M  <=~  3  T 

DRLG  METHOD:  S/>/»'1L  5~  fc<y~ 

’  BORING  DIA.:  2.5" _ . 

'  DRLG  FLUID 


DATE  SPUD:  7  /O^S 

[date  CMPLYg/^-^/f^L 

’  ELEVATION: _ 

‘TEMP.:  -  g-ST"^ _ 

"WEATHER:  _ 


Pro-  US 
file  CS 


Geologic  Description 


Samples  Sample  Pcnet.  Remarks 

No.  (Depth  (ft)|  Type  Res.  TIP  -  Bkgrnd/Rcadmg  (ppm) 


si  -  slight 
tr  -  trace 
sm  —  some 
Sc  -  and 
Q  -  at 
w  -  with 


v  -  very 
It  -  light 
dk  -  dark 
bf  -  buff 
brn  -  brown 
blk  -  black 


f  -  fine 
m  -  medium 
c  -  coarse 
BH  -  Bore  Hole 
S  AA  -  Same  As  Above 


SAMPLE  TYPE 
D-  DRIVE 
C -  CORE 
G-GRAB 


Core  recovery 


Core  lost 


Water  level  drilled 


ENGINEERING-SCIENCE 


Sheet  (  of 


BORING  NO.  M2Az£  LL 


CLIENT: 


■PC  tT 


•JOB  NO.:  _DRLG  METHOD: 

LOCATION:  fl-P-26 _ BORING  DIA.: 


GEOLOGIST:  Sllltlll 

COMMENTS: _ 

Elev.  Depth  Pro-  US 
(ft)  (ft.)  file  CS 


CONTRACTOR:  £r<?£«jv 4-  SV.’f 

'  RIG  TYPE:  CjMpjJJj 

'DRLG  METHOD:  tfSTT  /  S  g 


3.S" 


DRLG  FLUID 


Geologic  Descripdoa 


DATE  SPUD:  ]aJhJi!S3. 

DATE  CMPL^ 0/3  }  i 

"ELEVATION: _ 

"TEMP.:  ^  So  °f= 

"WEATHER:  y 


Samples  Sample  Pcnct.  Remarks 

No.  (Depth  (ft)  Type  Res.  TIP  =  Blcgmd/Readmg  (ppm) 


Set  uJ?,  Cru±  ULL  /gg.  rex,  k. 

^  Ll  <0  ^  'P' _ 

nx.  L  . 


'M  cdUyr'X 


_ cJi  *  _ -- 

o«^ 


6^  ‘5-^- 


g-  Cyn 


^43 


£  frA  -  ra 


sl  -  slight 
tr  -  trace 
sm  -  some 
&  -  and 

Q  -  at 
w  -  with 


v  -  very 
It  -light 
dk  -  dark 
bf  -  buff 
brn  -  brown 
blk- black 


f  -  fine 
m  -  medium 
c  -  coarse 
BH  -  Bore  Hole 
S  AA  -  Same  As  Above 


SAMPLE  TYPE 

D  -  DRIVE  C  Core  recovery 
C  -  CORE 

G  -  GRAB  Core  lost 

Water  level  drilled 


ENGINEERING-SCIENCE 


Sheet  /  of  [ 


BORING  NO.  &'P&Ce»'~SfiU- 
CLIENT:  #££££! 

7  USE  IEj&xL 


IJOB  NO.:  _  .  _ _ 

LOCATION: 

GEOLOGIST:  3~-  VjgjT 


GEOLOGIC  BORING  LOG 


CONTRACTOR: 
^RIG  TYPE: 
_DRLG  METHOD: 
'BORING  DIA.: 
"drlg  FLUID 


Cfj£  ^<r 3 s' 


^2. 


?i.Sl 


DATE  SPUD:  jo/^fy  f<j*f 

“DATE  CMPL: _ 

“ELEVATION: 

“TEMP.: 

'WEATHER: 


8 


nkrr~ 

j l _ 


BORING  NO.  S  >o 

CLIENT:  fi  f]£ _ _ 

•  'OB  NO.:  7 3l2jf8jOl^L  _ 

LOCATION:  H_A£&  -  flP 

GEOLOGIST:"""  J- 
COMMENT S :  mu  ^ _ 


CONTRACTOR: 
“RIG  TYPE: 
"DRLG  METHOD: 
"BORING  DIA.: 

-  DRLG  FLUID 


P/v  c  i'I  io^\  Qr.-/ 1 1  > 

CHS  i  <7 

H-£h<V 

2.S  _ _ 


DATE  SPUD-./C/^/??  (T.3J 

~DATE  CMPL:  _ 

"ELEVATION: _ _ 

_TEMP.:  -  _ 

WEATHER:  v 


Geologic  Description 


Samples  Sample  Penet.  Remarks 

No.  |Depth  (ft)|  Type  Res.  TIP  =  Bkgmd/Rcading  (ppm) 


&  -  and 

@  -  at 
w  -  with 


v  -  very 
It  -  light 
dk  -  dark 
bf  -buff 
bra  -  brown 
blk  -  black 


f  -  fine 
m  -  medium 
c  -  coarse 
BH  -  Bore  Hole 
SAA-  Same  As  Above 


SAMPLE  TYPE 
D- DRIVE 
C  -  CORE 
G -  GRAB 


Core  recovery 


Core  lost 


Water  level  drilled 


ENGINEERING-SCIENCE 


Jo 


Ground  Water  Sample 


Project  Name  _ 
Project  Number 

Sample  Number 


/nio  75 


Type  of  Sample:  grab  composite 


AP  2-ls 

depth  interval 


other 


Bailer  Volume  (BV) 

Bailer  Inside  Diameter  (BID) 
Bailer  Length  (L) 

(  BID/24)2  (L)(tl)  (7.48) 


.(in) 

.(ft) 

(gal/bailer) 


Total  Well  Depth  (TD)  • 

Static  Water  Level  (SWL) 

Water  Column  (TD-SWL) 

Casing  Inside  Diameter  (CID) 
Casing  Volume  (CV) 

(Cl D/24)2 (TD-SWL) (it) (7.48) 

8ails/Casing  Volume  (BCV) 

(CID/24)2(TD-SWL) 

CV/BV  or  - 

(BID/24)2(L) 

Purge  Volume  (PV) 

(BCV) (PV) 


V  3,t*o (ft) 

^yy.yiJft) 

■Y-i-bfi(ft) 

(gal/casingl 


.(bails/casing  volume) 


(•e^'fnqs) 


.(bails) 


Time 

Casing/ 
Bail  No. 

Temp 

pH 

Elec 

Cond 

IsAjm 

H 

B 

Visual 

Appearance 

F r&ESM 

Kim 

EE»0 

*7^ 

BfflU 

5E5SP522S 

IBMM 

gaggai 

HFJHI 

r^j 

#  < 

mtsu 

* 

EBl 

erara 

/< 

<  * 

VBSM 

o 

ran 

rsrsi 

WSMWM 

cs^ara 

l/MO 

b*  . 

rxa 

tmm 

wmm 

*  * 

Rvn 

05S 

fZSEE 

Q>A 

mZMEX 

*• 

f« 

! 

_ 

i 

Total  Volume  Removed  (PV)  .  %<£  _(casings) 

(DV)  (CV)  _ (gallons) 

Weather  P4-l^  ^ 


Date  Sampled 
Time  Sampled 

Name  of  Sampler 


31  Qcr  22: 

/ft'  Imh. 


JMA  11/90 


id 


Ground  Water  Sample 


Project  Name 
Project  Number 

Sample  Number 


//no  gskaA 


Type  of  Sample:  grab  composite 


PX  sW 

depth  interval 


other 


Bailer  Volume  (BV) 

Bailer  Inside  Diameter  (BID) 
Bailer  Length  (L) 

(BID/24)2(L)(tO(7.43) 

Total  Well  Depth  (TD) 

Static  Water  Level  (SWL) 

Water  Column  (TD-SWL) 

Casing  Inside  Diameter  (CID) 
Casing  Volume  (CV) 

(Cl D/24) 2 (TD-SWL)  (it) (7. 48) 

Bails/Casing  Volume  (BCV) 

(CID/24)2(TD-SWL) 

CV/BV  or  - 

( B I D/ 2  4 ) 2 ( L ) 

Purge  Volume  (PV) 

(BCV) (PV) 


.(in) 

.(ft) 

.(gal/bailer) 


(ft) 

(ft) 

l (ft) 
IX  (in) 


\M  _(gal/casing) 


.(bails/casing  volume) 


.(bails) 


Time 

Casing/ 
Bail  No. 

Temp 

pH 

Elec 

Cond 

o.  o 
6*9/ L ) 

a*  ju  * 

Odor 

Visual 

Appearance 

miEM 

■BEBa 

DM 

r 

■HU  1 

-~U£bd> 

Ci'e-cT* 

W&FEM 

mmmm 

mm 

mm 

msm 

1 

BSSMM 

rsnm 

TT 

mm 

mm 

FMm 

OkkMiM 

•  < 

*  f 

rnwrn 

2 £ 

nm 

FSIEM 

mmm 

i  * 

#  * 

WFWsfYZM 

le,% 

Km 

mmm i 

<  * 

Total  Volume  Removed  (PV) 
(DV) (CV) 


^  (eas-ings ) 
_ (gallons) 


Weather 

Date  Sampled 
Time  Sampled 


-  . 

1 f. 


Name  of  Sampler 


&H.  O^r  T^r 
_Kmshjrr> 


■  ~-yJ  L .  < 


JHA  11/90 


Project  Name  _ _ i 

Ground  Water 

Sample 

Project  Number^ 

Sample  Number  ^ 

Type  of  Sample: 

grab  composite 

depth  interval 

Bailer  Volume  (BV) 

Bailer  Inside  Diameter  (BID) 
Bailer  Length  (L) 

(BID/24)  2  (L)  (it) (7.43) 

Total  Well  Depth  (TD) 

Static  Water  Level  (SWL) 

Water  Column  (TD-SWL) 

Casing  Inside  Diameter  (CID) 
Casing  Volume  (CV) 

(Cl  D/24)2  (TD-SWL)  (it)  (7. 48) 

Bails/Casing  Volume  (BCV) 

(CID/24)2(TD-SWL) 

CV/BV  or  - 

(BID/24)2 ( L ) 

Purge  Volume  (PV) 

( BCV ) ( PV ) 


.(in) 

.(ft) 

.(gal/bailer) 


H.feS  (ft) 
ft) 

_2= _ (in) 


.(bails/casing  volume) 


2*l2z.  (^ytrp?s) 


.(bails) 


Casing/  Temp  Elec 

Time  Bail  No.  °C  pH  Cond 


Visual 

Appearance 


Total  Volume  Removed  (PV) 
(DV) (CV) 


.(casings-) 

.(gallons) 


Weather  _ 

Date  Sampled 
Time  Sampled 

Name  of  Sampler 


93.  oqr  i  >  _ 

ff\i  ^asWrrv, _ 


JMA  11/90 


So 


Ground  Water  Sample 


Project  Name  _ 
Project  Number 

Sample  Number 

Type  of  Sample 


/to  /<?</ 


grab 


composite 


depth  interval 


other 


Bailer  Volume  (BV) 

Bailer  Inside  Diameter  (BID) 

Jin) 

Bailer  Length  (L) 

Jft) 

(BID/24) 2 (L)(n) (7.48) 

_(gal/bailer) 

Total  Well  Depth  (TD) 

Static  Water  Level  (SWL) 

S.33- 

Jft) 

Water  Column  (TD-SWL) 

4_xJLL 

Jft) 

Casing  Inside  Diameter  (CID) 

Jin) 

Casing  Volume  (CV) 

M± 

( CID/24)2 (TD-SWL )  (it)  (7 . 48) 

_(gal/casing) 

Bails/Casing  Volume  (BCV) 

(CID/24)Z(TD-SWL) 

CV/BV  or  - 

_(bails/casing  volume) 

(81 D/ 2  4 ) 2 ( L )  „ 

Purge  Volume  (PV) 

6Al 

j£as4ng») 

(BCV) (PV) 

- 

.(bails) 

Time 

Casing/ 
Bail  No. 

Temp 

pH 

Elec 

Cond 

O.  o 
C^v/l) 

J-9  X 

H  yJ 

Odor 

Visual 

Appearance 

1 

'i/J'KJT 

Ga?? 

p.\S\ 

-tZS.  1 

/JDKJIZ. 

GJZosT 

iWT 

l 

Mn 

Mi 

r-A£74 

J  1 

<  / 

(b'W  1 

>  < 

LH5Y 

6  J 

1 

i 

!<. 

*  * 

|«+5j 

,  (P-" 

0-3- 

AA 

*  * 

3.^  1 

M/M 

C  t>  4 

-7l*3A* 

t  k 

*< 

! 

1 

j 

Total  Volume  Removed  (PV) 
(DV) (CV) 


,(ca^HT§s) 

.(gallons) 


c 


Weather 

Oate  Sampled 
Time  Sampled 


mrUfy  XhiL  L£rl_sO_<g  Jo -,5~f 

s^_g^r_3_2. 

msz2~ 


A 


Name  of  Sampler 


f 


JMA  11/90 


Jo 


Project  Name  _ 
Project  Number 

Sample  Number 


Ground  Water  Sample 


ffWo  US- 


Type  of  Sample:  grab  composite 


flP2(s 

depth  interval 


other 


Bailer  Volume  (BV) 

Bailer  Inside  Diameter  (BID) 
Bailer  Length  (L) 

(BID/24)2 (L)(tO  (7.4S) 

Total  Well  Depth  (TD) 

Static  Water  Level  (SWL) 

Water  Column  (TD-SWL) 

Casing  Inside  Diameter  (CIO)  ' 
Casing  Volume  (CV) 

(Cl D/24) 2 (TD-SWL) (n) (7 . 48) 

8ails/Casing  Volume  (BCV) 

(Cl D/2 4) 2 (TD-SWL) 

CV/BV  or  - 

( B I D/ 2  4 ) 2 ( L ) 

Purge  Volume  (PV) 

(BCV) (PV) 


_(in) 

.(ft) 

.(gal/bailer) 


<3,00  (ft) 

.5<lL-(ft) 
7^1  (ft) 
Sc  (in) 


Lc2ds.  Igal  /casing) 


.(bails/casing  volume) 


-Ceajlfn^s) 
_ (bails) 


T  ime 

Casing/ 
Bail  No. 

Temp 

pH 

Elec 

Cond 

O.o 
6*9/ 4. ) 

/t-t  t/ 

Odor 

Visual 

Appearance 

ll 

}/]  /  k  <zSL 

bn* 

h?<6 

•'77.1 

51  rHu. 

C  \ola  ^L, 

/U>i| 

1 

fc.^i 

0,  V 

><  4 

|(W6 

z 

W 

~S9.ls> 

i  / 

]I/M  2 

l.<>  1 

/<>,*> 

rf#  W9I 

(£  *  9-* 

S  4.5 

1  ' 

•  4 

\U04> 

i.c> 

51.  </  1 

M< 

W^>\ 

r&.  ®2- 

1/  1 

ll 

•  < 

\\si3b 

.?,5 

am  y 

<2.  a- 

-  ?7.  ^ 

w  / 

*< 

l 

i 

Total  Volume  Removed  (PV) 
(DV) (CV) 


!l2$  (dS^qsT 

_ _ (gallons) 


Weather 

Date  Sampled 
Time  Sampled 


/WA.  J  Id  /y 
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JMA  11/90 


OCTOBER  1997  GROUNDWATER  LEVELS 
RISK-BASED  APPROACH  TO  REMEDIATION 
SITE  SS-15A 

HOMESTEAD  AFB,  FLORIDA 


Location 

Elevation  of  TOC 
(feet  above  NGVD) 

Depth  to  Groundwater 
(feet  below  TOC) 

Groundwater  Elevation 
(feet  above  NGVD) 

Parsons  ES 

OHM"7 

Parsons  ES 

OHM 

MW-5 

5.79 

_ b/ 

3.87 

— 

1.92 

MW-9 

6.93 

5.35 

5 

1.58 

1.93 

MW-10 

7.32 

5.71 

— 

1.61 

— 

MW-11 

7.63 

6.02 

— 

1.61 

MW-14 

6.93 

5.12 

— 

1.81 

MW- 15 

6.98 

5.35 

— 

1.63 

— 

MW- 16 

6.99 

5.38 

— 

1.61 

MW-17 

6.59 

4.65 

— 

1.94 

MW-21 

6.80 

— 

5.01 

— 

1.79 

MW-23 

7.65 

5.9 

— 

MW-24 

7.72 

5.95 

— 

MW-34 

5.84 

— 

4.07 

— 

MW-35 

6.99 

5.25 

— 

MW-37 

7.64 

— 

5.88 

— 

L76 

MW-38 

7.77 

6 

— 

MW-39 

6.61 

— 

4.85 

MW-40 

6.90 

5.2 

5.15 

1.70 

MW-41 

7.00 

— 

— 

MW-44 

6.97 

5.23 

— 

1.74 

MW-46 

7.12 

5.39 

— 

1.73 

MW-50 

7.93 

6.2 

1.73 

MW-54 

6.89 

5.22 

— 

1.67 

MW-56 

7.05 

— 

5.38 

— 

1.67 

MW-63 

6.57 

5.03 

4.88 

1.54 

1.69 

MW-64 

6.29 

4.76 

— 

1.53 

— 

MW-66 

5.78 

— 

4.07 

— 

1.71 

MW-67 

6.87 

— 

5.19 

— 

1.68 

MW-69 

7.06 

— 

— 

— 

— 

MW-75 

6.98 

5.46 

5.25 

1.52 

1.73 

MW-76 

7.10 

5.58 

5.36 

1.52 

1.74 

MW-77 

6.90 

5.35 

— 

1.55 

MW-78 

7.39 

— 

5.65 

— 

1.74 

MW-82 

5.81 

— 

— 

— 

MW-90 

5.86 

— 

— 

— 

MW-93 

6.87 

— 

— 

— 

MW-95 

6.83 

5.19 

— 

1.64 

— 

MW-96 

6.84 

— 

5.03 

— 

1.81 

MW-97 

5.88 

— 

4.11 

— 

1.77 

MW-9  8 

6.66 

4.88 

— 

1.78  i 

MW-99 

6.79 

5.07 

5.01 

1.72 

1.78 

MW-100 

6.85 

— 

5.12 

— 

1.73 

MW-101 

5.98 

— 

4.23 

— 

1.75 

MW- 102 

6.79 

— 

5.06 

— 

1.73 

MW- 104 

6.82 

5.29 

5.06 

1.53 

1.76 

MW-105 

7.06 

— 

5.3 

— 

1.76 

MW- 109 

4.64 

— 

2.89 

— 

MW-110 

6.85 

5.07 

4.72 

1.78 

2.13 

MW-111 

6.86 

5.31 

— 

1.55 

— 

MW-112 

6.66 

5.11 

— 

1.55 

— 

MW-113 

6.90 

5.37 

— 

1.53 

— 

MW-114 

6.90 

5.4 

5.18 

1.50 

1.72 

MW-115 

— 

5.5 

— 

— 

— 

MW-116 

— 

5.45 

— 

— 

— 

DW-2 

6.92 

5.34 

1.58 

— 

87  Year  Two  Third  Quarter  MO  results  (OHM,  1997_). 
w  - =  Not  measured. 
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Appendix  B 


Corrective  Action  Plan 
Risk-Based  Approach  to  Remediation 
Site  SS-15A,  Homestead  ARB,  Florida 


Electron  Donor  and  Electron  Acceptor  Half  Cell  Reactions 


HALF-CELL  REACTIONS 

AG°r 

(kcal/ 

equiv)* 

AG°r 
(kJ  / 
equiv)* 

E° 

(V) 

Eh 

(V) 

pe 

Conditions 
for  Eh  and  pe  § 

ELECTRON-ACCEPTOR  (REDUCTION)  HALF  CELL 

REACTIONS 

5e'  +  6H*  +  NOf  =>  0.5Ni  +  3HiO 

Denitrification 

-28.7 

-120. 

+  1.24 

+0.708 

pH  =  7 

E[N]  =  10'3 

4e  +  4H+  +  Oz=>  2HiO 

Aerobic  Respiration 

-28.3 

-119. 

+  1.23 

+0.805 

+  13.6 

pH  =  7 
Po2=0.21  atm 

2e-  +  4H*  +  MnOi  =>Mn2*  +  2HiO 

Pyrolusite  Dissolution/Reduction 

-28.3 

-119 

+  1.23 

+0.550 

+9.27 

pH  =  7 

Z[Mn]  =  10'5 

CO2  +  e-  +  H*  +  MnOOH  =>MnCO)  +  H2O 
a  Uanganite  Carbonation/Reduction 

-23.1 

-96.8 

+  1.00 

+0.408 

+6.90 

e-  +  H+  +  MnOi=>  MnOOH 

Pyrolusite  Hydrolysis/Reduction 

-22.1 

-92.5 

+0.959 

+0.545 

+9.21 

pH  =  7 

e-  +  3H+  +  Fe(OH)3.amDh.  =>Fe*+  +  2HiO 

Amorphous  "Goethite  ”  Dissolution/Reduction 

-21.5 

-89.9 

+0.932 

+0.163 

+2.75 

pH  =  6 

I[Fe]  =  10'5 

8e '  +  10H+  +  Nas=>NH+4  +  3HiO 

Nitrate  Reduction 

-20.3 

-84.9 

+0.879 

+0.362 

+6.12 

pH  =  7 

2e  +  2H+  +  NCTs  =>NOt2  +  HiO 

Nitrate  Reduction 

-18.9 

-78.9 

+0.819 

+0.404 

+6.82 

pH  =  7 

e-  +  3H*  +  FeOOH  =>  Fe2*  +  2HtO 

Ferric  oxy hydroxide"  Dissolution/Reduction 

-15.0 

-62.9 

+0.652 

-0.118 

-1.99 

pH  =  6 

I  [Fe]  =  10 5 

e-  +  3H*  +  FeiOHbjUi*.  =>Fe?*  +  3HiO 

Crystallized  "Goethite"  Dissolution/Reduction 

-11.8 

-49.2 

+0.510 

-0.259 

-4.38 

■ 

EEaSEaHI 

]  e+H*  +  CO2.  +  Fe(OH)i.am,h.  =>  FeCOi  +  2HiO 

Amorphous  " Goethite  "  Carbonation/Reduction 

-11.0 

-46.2 

+0.479 

-0.113 

-1.90 

pH  =  8 
Pco2=10‘2  atm 

\  8e-  +  9H*  +  SO2' 4  =>HS-  +  4HiO 

Sulfate  Reduction 

-5.74 

-24.0 

+0.249 

-0.278 

-4.70 

pH  =  8 

8e-  +  10H*  +  SO1' 4  =>HtS°  +  4HiO 

Sulfate  Reduction 

-6.93 

-28.9 

+0.301 

-0.143 

-2.42 

pH  =  6 

8e~  +  8H+  +  COu  =>  CHu  +  2H2O 

Methanogenesis 

-3.91 

-16.4 

+0.169 

-0.259 

-4.39 

pH  =  7 
Pco2=102 
Pch4=10° 

k:  \charles\tables\appndxe .  doc 


HALF-CELL  REACTIONS 

AG°r 

(kcal/ 

equiv)* 

E° 

(V) 

Conditions 
for  Eh  and  pe  § 

ELECTRON-DONOR  (OXIDATION)  HALF  CELL  REACTIONS 

12HiO  +  Gs/fc  =>  6COi  +  30H*  +  30e ' 

Benzene  Oxidation 

+2.83 

+  11.8 

-0.122 

pH  =  7 
Pco2=10'2 

14H20  +  OHsCHs  =>  7COi  +  36H+  +  36e 

Toluene  Oxidation 

+2.96 

+12.4 

-0.128 

+0.309 

+5.22 

pH  =  7 
Pco2=10'2 

I6H2O  +  CaHsCiHs  =>  8CO2  +  42H+  +  42e ’ 

Ethylbenzene  Oxidation 

+2.96 

+  12.4 

H 

I6H2O  +  C6H4(CH3)2  =>  SCO2  +42H+  +42e 
m-Xylene  Oxidation 

+3.02 

+12.7 

+0.131 

-0.305 

pH  =  7 
Pco2=IO'2 

2OH2O  +  CioHs  =>  IOCO2  +  48H*  +  48e 

Naphthalene  Oxidation 

+2.98 

+  12.5 

-0.130* 

pH  =  7 
Pco2=10'2 

I8H2O  +  aHHCHtji  =>  9COt  +  48H+  +  48e' 

1 ,3,5-Trimethylbenzene  Oxidation 

+3.07 

+  12.8 

+5.12 

■ 

I8H2O  +  CeHifCHt)}  =>  9C02  +  48H*  +  48e 

1 ,2,4-Trimethylbenzene  Oxidation 

+3.07 

+  12.9 

-0.134* 

■ 

I2H2O  +  CtHsCl  =>  6CO2  +  29H*  +  28e-  +  Cl 
Chlorobenzene  Oxidation 

+2.21 

+9.26 

-0.096* 

+0.358 

+6.05 

■  ■ 

NOTES: 


*  =  AG°r  for  half  cell  reaction  as  shown  divided  by  the  number  of  electrons  involved  in  reaction. 

§  =  Conditions  assumed  for  the  calculation  of  Eh  and  pe  (pe  =  Eh/0.05916).  Where  two  dissolved  species  are  involved,  other 
than  those  mentioned  in  this  column,  their  activities  are  taken  as  equal.  Note,  this  does  not  affect  the  free  energy  values 
listed. 

*  =  E°  calculated  using  the  following  equation;  E 0  =  AG°r(J/nF)  *  1.0365xl0'5  (VF/J)  from  Stumm  and  Morgan,  1981 
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Coupled  Oxidation  Reactions 


Coupled  Benzene  Oxidation  Reactions 

AG°r 

(kcal/mole 
Benzene)  ! 

AG°r 

(kJ/mole 

Benzene) 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

7.502  +  C6H6  =>  6C02.g  +3H20 

Benzene  oxidation  /aerobic  respiration 

-765.34 

-3202 

3.07:1 

6  NOS  +  6H+  +  C6H6  =>  6C02.%  +6H20  +3N2,g 

Benzene  oxidation  /  denitrification 

-775.75 

-3245 

4.77:1 

30 H+  +  15Mn02  +  CsHt  =>  6C02,g  +15Mn 2+  +  18H20 

Benzene  oxidation  /  manganese  reduction 

-765.45 

-3202 

10.56:1 

3.75  NOs-  +  CsH6  +  7.5  H+  +  0.75  H2O  =>  6  CO2  +  3.75  NH.+ 
Benzene  oxidation  /  nitrate  reduction 

-524.1 

-2193 

2.98:1 

60 H+  +  30Fe(OH)la  +  C6H6  =>  6C02  +  30Fe2+  +  78H20 

Benzene  oxidation  /  iron  reduction 

-560.10 

-2343 

21.5:1 

15H*  +  3.75505'  +  CsHi  =>  6  COi.g  +  3.75 H 2 S°  +  3H20 

Benzene  oxidation  /  sulfate  reduction 

-122.93 

-514.3 

4.61:1 

4.5 H20  +  C6H6  =>  2.25 CO 2, g  +  3.75 CH 4 

Benzene  oxidation  /  methanogenesis 

-32.40 

-135.6 

0,77:1 

Coupled  Ethylbenzene  Oxidation  reactions 


10.502  +  C6H5C2H5  =>  8C02.g  +5H20 
Ethylbenzene  oxidation  /aerobic  respiration 


8.4NO }  4-S.4/T  +  C6H5C2H5  =>  8C02.g  +9.2H20  4-  4.2N2,g 
Ethylbenzene  oxidation  /  denitrification 


42H+  4-  21Mn02  +  C6H5C2H5  =>  8C02  4-  21Mnz+  +  26H20 
Ethylbenzene  oxidation  f  manganese  reduction 


84 H+  4-  42Fe(OH )3a  4-  C6H5C2H3  =>  8CO2  +  42Fe2+  +  U0H2O 
Ethylbenzene  oxidation  /  iron  reduction 


10.5 H+  4-  5.25 SOi’  4-  CtfJ^C2//j  =>  8COu  +5-25H2S°  +5H20 
Ethylbenzene  oxidation  /  sulfate  reduction 


5.5 H20  4-  C6H5C2H5  =>  2.75C02.t  +  5.25 CH 4 
Ethylbenzene  oxidation  /  methanogenesis 


AG°r 

kJ/mole 

Ethylbenzene 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

-4461 

3.17:1 

-4522 

4.92:1 

-4461 

17.24:1 

-3257 

22.0:1 

-697.7 

4.75:1 

-166.7 

0.79:1 

Coupled  Naphthalene  Oxidation  Reactions 

AG°r 

(kcal/mole 

naphthalene) 

AG°r 

(kJ/mole 

naphthalene) 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

120 2  4-  CI0Hg=>  IOCO 4H20 

Naphthalene  oxidation  /aerobic  respiration 

-1217.40 

-5094 

3.00:1 

9.6NOS  4-  9.6H+  4-  C}0HS  =>  10CO2  4-  8.8H20  +  4.8N2tg 

Naphthalene  oxidation  f  denitrification 

-1234.04 

-5163 

4.65:1 

24MnOi  +  48H*  +  CI0H,  =>  10CO2  +  24Mn2*+  28H20 

Naphthalene  oxidation  /  manganese  reduction 

-1217.57 

-5094 

16.31:1 

48Fe(OH)t.a  +  96H *  +  CloHt=PlOC02  +  48Fe2*  +  124H20 
Naphthalene  oxidation  /  iron  reduction 

-932.64 

-3902 

40.13:1 

6SO<2  +  12H*  +  CI0H,  =>  10CO2  +  6Hr S”  +  4H20 

Naphthalene  oxidation  /  sulfate  reduction 

-196.98 

-824.2 

4.50:1 

8H20  +  CJ0HS  =>  4C02  4-  6CH4 

Naphthalene  oxidation  l  methanogenesis 

-44.49 

-186.1 

1.13:1 
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Coupled  Benzo(k)fluoranthene  Oxidation  Reactions 


I8.4NO3-  +  18.4  H+  +  C2qHj2  =>  20CC>2  +  15.2H20  +  9.2N2 
Benzo(k)fluoranthene  oxidation/denitrification 


Stoichiometric  Mass  Ratio  of 
Electron  Acceptor  to  Compound 


4.53:1 


46  Mn02  +  92H+  +  C20H12  =>  20CO2  +  46  Mn?+  +  52H20 
Benzo(k)fluoranthene  oxidation/manganese  reduction 

15.88:1 

92Fe(OH)3  +  184H+  +  C^H^  =>  20CO2  +  92Fe2+  +  236H20 
Benzo(k)fluoranthene  oxidation/iron  reduction 

39.06:1 

11.5  S042-  +  23H+  +  C20H12  =>  20CO2  +  11.5  HjS  +  6H20 
Benzo(k)fluoranthene  oxidation/sulfate  reduction 

4.38:1 

17H20  +  C20H12  =>  8.5C02  +  11.5CH4 

Benzo(k)fluoranthene  oxidation/methanogenesis 

0.73:1 

Coupled  Benzo(b)fluoranthene  Oxidation  Reactions 

Stoichiometric  Mass  Ratio  of 
Electron  Acceptor  to  Compound 

I8.4NO3-  +  18.4  H+  +  C20H12  =>  20CO2  +  15.2H20  +  9.2N2 
Benzo(b)fluoranthene  oxidation/denitrification 

4.53:1 

46  Mn02  +  92H+  +  C20H12  =>  20CO2  +  46  Mn?+  +  52H20 
Benzo(b)fluoranthene  oxidation/manganese  reduction 

15.88:1 

92Fe(OH)3  +  184H+  +  C^H^  =>  20CO2  +  92Fe2+  +  2361^0 
Benzo(b)fluoranthene  oxidation/iron  reduction 

39.06:1 

11.5  S042-  +  23H+  +  C20H12  =>  20CO2  +  11.5  +  6H20 

Benzo(b)fluoranthene  oxidation/sulfate  reduction 

4.38:1 

17H20  +  C20H12  =>  8.5C02  +  II.5CH4 

Benzo(b)fluoranthene  oxidation/methanogenesis 

0.73:1 

Coupled  Benzo(a)pyrene  Oxidation  Reactions 

Stoichiometric  Mass  Ratio  of 
Electron  Acceptor  to  Compound 

18.4N03-  +  18.4  H+  +  C20H12  =>  2OCO2  +  15.2H20  +  9.2N2 
Benzo(a)pyrene  oxidation/denitrification 

4.53:1 

46  Mn02  +  92H+  +  C20H12  =>  2OCO2  +  46  Mn?+  +  52H2O 
Benzo(a)pyrene  oxidation/manganese  reduction 

15.88:1 

92Fe(OH)3  +  184H+  +  C^H^  =>  20CO2  +  92Fe2+  +  236H20 
Benzo(a)pyrene  oxidation/iron  reduction 

39.06:1 

11.5  S042-  +  23H+  +  C20H12  =>  20CO2  +  11.5  HjS  +  6H20 
Benzo(a)pyrene  oxidation/sulfate  reduction 

4.38:1 

17H20  +  Cj0H12  =>  8.5C02  +  II.5CH4 

Benzo(a)pyrene  oxidation/methanogenesis 

0.73:1 

Coupled  Benzo(a)anthracene  Oxidation  Reactions 

Stoichiometric  Mass  Ratio  of 
Electron  Acceptor  to  Compound 

16.8  NO3-  +  16.8H+  +  C18H12  =>  18C02  +  14.4  1^0  +  8.4N2 
Benzo(a)anthracene  oxidation/denitrification 

4.57:1 

42Mn02  +  84H+  +  C18H12  =>  18C02  +  42Mri2+  +  48H20 
Benzo(a)anthracene  oxidation/manganese  reduction 

16.03:1 

84Fe(OH)3  +  168H+  +  C18H12  =>  18C02  +  84Fe2+  +  216H20 
Benzo(a)anthracene  oxidation/iron  reduction 

39.42:1 

10.5SO42-  +  21H+  +  C18H12  =>  18C02  +  10.51^S  +  6  I^O 
Benzo(a)anthracene  oxidation/sulfate  reduction 

4.42:1 

15H20  +  C18H12  =>  7.5C02  +  IO.5CH4 

Benzo(a)anthracene  oxidation/methanogenesis 

0.74:1 
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Coupled  Acenaphthene  Oxidation  Reactions 

Stoichiometric  Mass  Ratio  of 
Electron  Acceptor  to  Compound 

II.6NO3-  +  11.6H+  +  C12H10=*  12C02  +  10.8E^O  +  5.81^ 
Acenaphthene  oxidation/ denitrification 

4.67:1 

29Mn02  +  58H+  +  C12H10  =>  12C02  +  29  Mn?+  +  34H20 
Acenaphthene  oxidation/manganese  reduction 

16.38:1 

58Fe(OH)3  +  116H+  +  C12H10  =>  12C02  +  SSFe2-*-  +  1501^0 
Acenaphthene  oxidation/iron  reduction 

40.30:1 

7.25S042-  +  14.5H+  +  C12H10  =>  12C02  +  7.25  +  5H20 

Acenaphthene  oxidation/sulfate  reduction 

4.52:1 

9.5H20  +  C12H10  =>  4.75C02  +  7.250^ 

Acenaphthene  oxidation/methanogenesis 

0.75:1 

Coupled  Methyl  tert  butylether  Oxidation  Reactions 

Stoichiometric  Mass  Ratio  of 
Electron  Acceptor  to  Compound 

6NO3-  +  6H+  +  C5OH12  =>  5C02  +  9H20  +  3N2 

Methyl  tert  butyl  ether  oxidation/denitrification 

4.23:1 

15Mn02  +  30H+  +  C5OH12  =>  5C02  +  15Mn?+  +  21H20 

Methyl  tert  butyl  ether  oxidation/manganese  reduction 

14.83:1 

30  Fe(OH)3  +  60H+  +  C5OH12  =>  5C02  +  30Fe2+  +  81H20 

Methyl  tert  butyl  ether  oxidation/iron  reduction 

36.48:1 

3.75S042'  +  7.5H+  +  C5OH12  =>  5C02  +  3.75H2S  +  6H20 

Methyl  tert  butyl  ether  oxidation/sulfate  reduction 

4.09:1 

1.5H20  +  C5H120  =>  1.25C02  +  3. 750^ 

Methyl  tert  butyl  ether  oxidation/methanogenesis 

0.68:1 
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Gibbs  Free  Energy  of  Formation  for  Species  used  in  Half-Cell  reactions 
and  Coupled  Oxidation-Reduction  Reactions 


coi 


CH2O,  formalydehyde 


C6H6,  benzene 


CH4,  methane 


KSSSSxlKSBS 


C6H3C2H3,  ethylbenzene 


C6H4(CH3)2,  o-xylene 


C6H4(C1t3)2,  m-xylene 


C6H4(CH3)2,  p-xylene 


C2HCI3,  TCE 


C2H2CI2,  c-DCE 


C10H8,  naphthalene 


C6H3(CH3)3,  1,3,5-TMB 


C6H3(CH3)3,  1,2,4-TMB 


C2H3CI,  vinyl  chloride 


C6H5CI,  chlorobenzene 


CmHio,  phenanthrene 


Fe2+ 


Fe3+ 


Fe203,  hematite 


FeOOH,  ferric 
oxyhydroxide 


Fe(OH)3,  goethite 


Fe(OH)3,  goethite 


FeCCb,  siderite 


Mn2+ 


MnCh,  pyrolusite 


MnOOH,  manganite 


MnCCh,  rhodochrosite 


AG°f.298.15 

(kcal/mole) 


0 


0 


0 


-56.687 


Carbon  Species 


-94.26 


-31.02 


+29.72 


-12.15 


+27.19 


+28.61 


+26.37 


+25.73 


+26.31 


+  1.1 


+2.9 


+5.27 


+  16.28 


+48.05 


+24.83 


+24.46 


+  12.4 


+21.32 


+64.12 


Nitrogen  Si 


-18.97 


Sulfur  Species 


-177.97 


-6.66 


.9 


+2.88 


Iron  Species 


-18.85 


-1.1 


-177.4 


-117.2 


Manganese  S 


Chloride  Species 


-31.37 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


CRC  Handbook  (1990) 


CRC  Handbook  (1990) 


CRC  Handbook  (1990) 


CRC  Handbook  (1990) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) _ 


Dean  (1972) 


Dean  (1972) 


-26.61 

Dean  (1972) 

0 

std 

Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Dean  (1972) 


Naumov  et  ai  (1974) 


Langmuir  and  Whittemore 
(1971) 


Dean  (1972) 


-54.5 

Dean  (1972) 

-111.18 

Stumm  and  Morgan  (1981) 

-133.29 

Stumm  and  Morgan  (1981) 

-194 

Dean  (1972) 

Dean  (1972) 
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NOTES: 


c  =  crystallized  solid 

a  =  amorphous  solid  (may  be  partially  crystallized  -  dependent  on  methods  of  preparation) 
p  =  freshly  precipitated  solid 

i  =  dissociated,  aqueous  ionic  species  (concentration  =  1  m) 
aq  =  undissociated  aqueous  species 
g  =  gaseous 
1  =  liquid 

std  =  accepted  by  convention 

Wherever  possible  multiple  sources  were  consulted  to  eliminate  the  possibility  of  typographical 


error. 
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Additional  BIOSCREEN  Modeling  Results 


Benzene 

Using  groundwater  monitoring  data  from  1995  through  October  1997,  calculated 
decay  rates  for  benzene  dissolved  in  groundwater  ranged  from  0.0011  day'1  (half-life  of 
1.7  years)  to  0.0048  day'1  (half-life  of  0.4  year),  with  an  average  value  of  0.002  day'1 
(half-life  of  0.8  year).  The  minimum  and  average  site-specific  solute  biodegradation 
rates  for  benzene  were  combined  with  the  source  decay  rate  attributable  to  physical 
flushing  derived  from  the  batch  flushing  model  assuming  3  months  of  flushing  per  year 
(0.0003  day-1,  equivalent  to  a  half-life  of  6.3  years)  to  derive  minimum  and  average 
total  source  decay  rates  for  use  in  the  BIOSCREEN  simulations.  The  simulation  results 
using  the  average  values  are  described  in  Section  6  of  the  CAP. 

The  following  four  simulations  were  run  for  benzene: 

1.  Using  the  average  source  and  solute  decay  rates; 

2.  Using  the  average  source  decay  rate  and  minimum  solute  decay  rate; 

3.  Using  the  minimum  source  decay  rate  and  the  average  solute  decay  rate;  and 

4.  Using  the  minimum  source  and  solute  decay  rates. 

The  first-order  reaction  model  indicates  that  dissolved  benzene  concentrations  will 
steadily  decrease  to  below  1  pg/L  within  6  to  11  years,  depending  on  the  values  used 
for  the  solute  and  source  decay  rates.  The  predicted  time  frames  for  this  decrease  for 
simulations  1,  2,  3,  and  4  (described  above)  were  6  years,  10.5  years,  6.5  years,  and 
11  years,  respectively.  The  maximum  predicted  downgradient  extent  of  the  dissolved 
benzene  plume  exceeding  1  pg/L  was  35  to  40  feet  from  the  source  area. 
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The  instantaneous  reaction  model  predicts  that  benzene  will  be  “instantaneously” 
degraded  and  will  not  persist  in  the  groundwater.  Therefore,  this  model  does  not 
appear  to  be  accurately  simulating  site  conditions. 

Benzo  (a)  pyrene 

The  following  two  simulations  were  performed  for  benzo(a)pyrene: 

1.  Source  half-life  equals  5.8  years  and  solute  half-life  equals  1000  years  (no  solute 
decay);  and 

2.  Source  half-life  equals  5.8  years  and  solute  half-life  equals  0.92  year  (the  average 
value  estimated  in  Section  6. 6. 3. 4  of  the  CAP). 

Results  of  both  first-order  reaction  simulations  indicate  that  dissolved 
benzo(a)pyrene  concentrations  will  decrease  to  less  than  0.2  pg/L  after  approximately 
27  years.  Similar  to  benzene,  the  instantaneous  reaction  model  indicates  that  dissolved 
benzo(a)pyrene  will  not  persist  in  groundwater  because  the  theoretical  assimilative 
capacity  of  the  groundwater  exceeds  the  concentration  of  benzo(a)pyrene  leaching  from 
the  source  areas  soils. 
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benzene 


BENZENE 

Alternative  2  -  Bioventing 

Common  inputs: 

Seepage  velocity;  5.1  ft/yr 
Dispersion;  4.1  ft 
Adsorption;  1.5 
Kd;  79  L/kg 

Source  (groundwater)  concentration  28  pg/L 

Note:  Override  Bioscreen  source  half-life  calculation  -  input  value  directly 


Assume  90%  BTEX  reduction  in  2  years  { typically  90%  after  one  year  but  assume  soil 
saturated  6  mo/yr  (Bioventing  Performance  and  cost  Summary,  AFCEE,  1994) 


Determine  source  k 
year  number 
0  100 

2  10 

4  1 

6  0.1 


Source  half-life  =  0.42yr;  k  =  -1.63yr  (batch  flush  (-0.12/yr)  +  90%/  2yr  w/bioventing  (-1.51)) 
Solute  half-life  =  0.77yr  (site  avg  k) 
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io  y  =  19.698e 

R2  =  0.9639 


Source  half-life  =  0.42yr;  k  =  -1.63yr  (batch  flush  (-0.12/yr)  +  90%/  2yr  w/bioventing  (-1.51)) 
Solute  half-life  =  1.73  yr  (site  low  k) 


Year  Cone.  Distance 

(ug/L) 

0  28.0  0 

I  9.8  5 

3  8.9  10 

5  3.6  20 

10  1.1  35 

II  0.7  35 

Time  to  1 .0  ug/L  =  approx.  10  years 
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25.0 
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0  0  0  s  10  15  y  =  22.464e'°-3075x 

years  R2  =  0.9847 
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benzene  (2) 


BENZENE 

Alternative  2  -  Bioventing  Add  6  months  of  source  degradation  during  times  of  saturation 

Common  inputs: 

Seepage  velocity;  5.1  ft/yr 
Dispersion;  4.1  ft 
Adsorption;  1.5 
Kd;  79  L/kg 

Source  (groundwater)  concentration  28  pg/L 

Note:  Override  Bioscreen  source  half-life  calculation  -  input  value  directly 


Assume  90%  BTEX  reduction  in  2  years  { typically  90%  after  one  year  but  assume  soil 
saturated  6  mo/yr  (Bioventing  Performance  and  cost  Summary,  AFCEE,  1994) 


Determine  source  k 
year  number 

0  100 

2  10 

4  1 

6  0.1 


Source  half-life  =  0.33yr;  k  =  -2.08yr  (batch  flush  (-0.12/yr)  +  90%/  2yr  w/bioventing  (-1.51) 
+  1/2  avg  solute  biodegradation  rate  (-0.45/yr)) 

Solute  half-life  =  0.77yr  (site  avg  k) 

Year  Cone.  Distance 

_ (ug/L ) _ 

0  28.0  0 

1  8.6  5 

3  5.0  10 

5  1.0  15 

10  0.1  35 


Time  to  1.0  ug/L  =  approx.  5  years 


Source  half-life  =  0.33yr;  k  =  -2.08yr  (batch  flush  (-0.12/yr)  +  90%/  2yr  w/bioventing  (-1.51) 
+  1/2  avg  solute  biodegradation  rate  (-0.45/yr)) 

Solute  half-life  =  1.73  yr  (site  low  k) 


Year 

Cone. 

(ug/L) 

Distance 

0 

28.0 

0 

1 

9.8 

5 

3 

8.9 

10 

5 

3.6 

20 

10 

1.1 

35 

11 

0.7 

35 

Time  to  1.0  ug/L  = 

approx.  10  years 
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benzo(a)pyrene 


Benzo(a)pyrene  results  for  aerobic  (bioventing)  and  anerobic  conditions 
Alternative  1  and  Alternative  2 


Common  inputs: 

Seepage  velocity;  5.1  ft/yr 
Dispersion;  4.1  ft 
Adsorption;  17,000 
Kd;  2000  L/kg 

Source  (groundwater)  concentration  5  pg/L 

Note:  Override  Bioscreen  source  half-life  calculation  -  input  source  term  directly 


B(a)p1a 

Source  half-life  =  5.8  yr  (anaerobic) 
Biodegradation  (solute)  half-life  =  1000  yr 
Year  Cone.  (pg/L) 


0 

5.0 

5 

2.9 

10 

1.6 

20 

0.5 

27 

0.2 

40 

0.0 

Time  to  0.2  mg/L  =  approx.  27  years 


B(a)p1a,  1b 

ft  n 

«  Seriesl 

Expon.  (Seriesl) 

i 

4  0- 

• 1 '  *,*•  *sC.‘/r  r  ' 

Ifl  1! 

i|;  Spy 

i  a  a  ^  a  a  *1  0  *1  Tv 

o  n  . 

>  |Vl;  • 

-  y" 

u.u  - 

1 

0  2 

yes 

0  3 

ars 
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y  =  5.2332e 

R2  =  0.9998 

B(a)p1b 

Source  half-life  =  5.8  yr  (anaerobic) 

Biodegradation  (solute)  half-life  =  0.92  yr  (naphthalene  -  site-average) 
Year  Cone.  (pg/L) 

0  5.0 

5  2.9 

10  1.6 

20  0.5 

27  0.2 


B(a)p2b 

Source  half-life  =  1.45  yr  (aerobic) 

Biodegradation  (solute)  half-life  =  0.92  yr  (naphthalene  -  site-average) 
Year  Cone.  (pg/L) 

0  5 

5  0.53 

7  0.2 

10  0.05 
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Contaminant  Flushing  Calculations-Simulated  Batch  Flush  Model  (Saturated) _ _ | _ 


Homestead  ARB  Site  SS-15A  I  _ _ _ 


Prepared  by:  JRH,  2/13/98 _ | _ _ _ 

Calculations  assume  fuel  residuals  remain  in  soils  at  or  below  the  water  table  and  that  groundwater  is  continuously 


moving  through  these  soils.  This  results  in  the  partitioning  of  contaminatns  compounds  from  the  soils  into  the  groundwater. 
This  aquifer  is  modeled  as  a  batch  reactor  in  which  clean  groundwater  enters  contaminated  soil  which  releases  contaminants 
into  the  water  based  on  the  partitioning  coefficient  (Kd).  Each  pore  volume  ofg  round  water  is  then  replaced  with 


clean  groundwater  and  the  desorption  cycle  is  repeated,  I _ _ _ 


Knowns: _ I  ~ 

1 .  Linear  groundwater  velocity  =  approx.  5.1  ft/yr _ _ _ •  _ 


2.  porosity  =  approx.  0.20 _ j _ | _ | _ | _ _ 

3.  soil  bulk  density  (estimated  for  weathered  limestone)  =  2  g/cubic  cm. _ j _ 

4.  starting  benzene  concentration  in  groundwater  =  28  ug/L  (max,  detected  in  last  1  year) 


5.  Average  soil  TOC  concentration  =  721  mg/kg  =  721  x  10  mg  TQC/mg  soil  =0.000721  =  foe _ [ _ _ 

6.  Koc  for  benzene  ==  79  L7kg  (fuels  protocol)  or  38  L/kg  (Bioscreen  User’s  Manual)  =  Organic  Carbon  Partion  Coefficient 

7.  Kd  for  benzene  =  (foe)  (Koc)  =  0.057  L/kg  using  Koc  of  79,  and  0.027  L/kg  using  Koc  of  38 _ j _ \ _ 

8.  Kd  for  benzo(a)pyrene  =  approx.  2000  L/kg  (Montgomery,  1996)  1  I  I  I  J 


Assumptions: _ ] _ \ _ | _ | _ | _ 1 _ | _ | _ ; _ 

1 .  1 00%  of  equilibrium  will  be  reached  with  each  flush  (reasonable  due  to  low  groundwater  migration  velocity)  - _ 


2.  Simulated  reactor  volume  =  volume  of  contaminated  soil  in  the  saturated  zone  at  an  average  source  area  ’ 


(assumed  to  approximate  a  circle  with  a  diameter  of  20  feet  and  a  thickness  of  4  feet).  | _ j _ 


Contaminated  soil  volume  =  pi(r)h  =  3.141  (100  fr)(4  ft)  =  1256  ftJ  =  36  mJ  | _ _ _ 


Mass  of  soil  =  (2  g/cnrO  (10°  cm7md)  (Ikg/IOOOg)  (36  mJ)  =  72,000  kg  =  2000  kg/rrT 


Mass  of  water  =  (1  g/enrr)  (0.20  cm  water/cm  aquifer)  (10  cm  /m  )  (Ikg/IOOOg)  (36  m  )  =  7200  kg  =200  kg/m 


A  new  volume  of  water  will  pass  through  the  seasonally-saturated  soil  mass  approximately  every  15.6  years: 


20  feet  fravel  distance  /  5.1  feet  per  year  GW  veloci 


Assuming  that  contaminated  soil  is  saturated  3  months  per  year  (1/4  year),  the  equivalent  of  one  pore  volume  of  flushing 
will  occur  every  15.6  years  (4x3.9  =  1576).  1  |  T  I  I  I  1 


Kd  =  soil  concentration  /  water  concentration  =  ug/kg  /  ug/L 


Therefore,  water  concentration  =  soil  concentration  /  Kd 


M(s)  =  mass  of  contaminant  in  soil  | 

_ 

_ 

_ 

M(w)  =  mass  of  contaminant  in  water  |  | 


M(s,  new)  =  m(s,old)  -  m(w) 


ug/kg  =  ug/kg  -  ug/L 


Need  to  correct  for  density:  200  kg/m  /  2000  kg/m  =0.10  L/kg 


Therefore,  ug/kg  remaining  =  ug/kg  initial  -  [ug/L  leached  x  0.10  L/kg] 

1  1  1  1  1  ; 

This  equation  is  used  to  compute  the  decrease  in  soil  benzene  concentrations  over  time  in  the  attached  spreadsheet. 


The  Kd  value  is  used  in  combination  with  each  new  soil  concentration  to  compute  the  resulting  groundwater  concentration. 


As  described  above,  it  is  estimated  that  the  equivalent  of  one  pore  volume  of  groundwater  flushes  through  the  ! _ 


seasonally  saturated  contaminated  soil  interval  every  15.6  years.  Therefore,  1/15.6  (or  0.064)  flushes  occurs  each  year. 


According  to  this  model,  it  would  take  approximately  28  years  for  physical  flushing  alone  to  reduce  maximum  I _ 


groundwater  benzene  concentrations  to  less  than  1  ug/L  assuming  a  benzene  Kd  of  0.057  L/kg.  it  would  take  i _ 


approximately  13  years  for  physical  flushing  alone  to  reduce  maximum  groundwater  benzene  concentrations  to  less 


than  1  ug/L  assuming  a  benzene  Kd  of  0.027  L/kg.  [ _ _ 


However,  this  model  does  not  take  biodegradation  into  account.  The  biodegradation  rate  computed  for  benzene  in  the 
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saturated  zone  using  the  single-well  (diminishing  plume)  method  of  Buscheck  and  Alcantar  (1995)  ranged  from  0.001 1  to 

0.0048  day’1.  Therefore,  during  the  estimated  3  months  per  year  that  the  contaminated  soils  are  saturated,  they  are _ 

being  biodegraded.  It  is  highly  likely  that  contaminants  are  also  being  biodegraded  during  the  other  9  months  per  year 
when  the  soils  are  not  saturated  given  "the  presence  of  soil  moisture  in  the  vadose  zone  that  can  support  microbial 
populations. _ i _ 

i  ""  L-  T . .  T  1  . . . . 

If  the  soil  benzene  leaching  rates  are  graphed,  they  yield  rates  of  0.00033  to  0.0007  day-1 ,  which  are  equivalent  to  half-lives 
of  5.7  years  to  2.7  years.  Adding  the  most  conservative  physical  flushing  rate  (0.00033  day-1)  to  the  biodegradation  rate 
yields  a  combined  benzene  source  weathering  rate  for  use  in  the  Bioscreen  model.  i  I 
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APPENDIX  C 


CALCULATION  OF  TIER  2  SITE-SPECIFIC  TARGET  LEVELS 

(SSTLS) 


1 :  \hill\ou  1  \report\appencov .  doc 
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CALCULATION  OF  SITE-SPECIFIC  TARGET  LEVELS  (SSTLs)  -  GROUNDWATER 
INDUSTRIAL  LAND  USE  -  CONSTRUCTION  SCENARIO 
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CALCULATION  OF  SITE-SPECIFIC  TARGET  LEVELS  (SSTLs)  -  SOIL 
INDUSTRIAL  LAND  USE  -  CONSTRUCTION  SCENARIO 
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APPENDIX  C 

CALCULATION  OF  SITE-SPECIFIC  TARGET  LEVELS  (SSTLs)  -  SOIL 
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BENZENE 


CAS  NUMBER 
71-43-2 

COMMON  SYNONYMS 
None  noted. 

ANALYTICAL  CLASSIFICATION 
Volatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  1,791  mg/L  [1] 

Vapor  Pressure:  95. 19  mm  Hg  at  25°C  [1] 

Henry's  Law  Constant:  5.43  x  10 3  atm-m  /mole  [1] 

Specific  Gravity:  0.879  at  15/5°C  [2] 

Organic  Carbon  Partition  Coefficient:  31  -  143  [1] 

FATE  DATA:  HALF-LIVES 

Soil:  5-16  days  [3] 

Air:  2.09  -  20.9  days  [3] 

Surface  Water:  5-16  days  [3] 

Groundwater:  10  days  to  2  years  [3] 

NATURAL  SOURCES 

Crude  oil,  volcanoes,  forest  fires,  and  plants  [1]. 

ARTIFICIAL  SOURCES 

Gasoline,  fuel  oils,  chemical  industry,  coke  ovens,  mining,  manufacturing,  and  cigarette 
smoke  [1]. 

FATE  AND  TRANSPORT 

Benzene  will  rapidly  volatilize  from  surface  soil  and  water.  That  which  does  not  volatilize 
from  permeable  surface  and  subsurface  soils  will  be  highly  to  very  highly  mobile,  and  can  be 
expected  to  leach  to  nearby  groundwater  which  is  not  protected  by  a  confining  layer.  It  is 
fairly  soluble,  and  will  be  carried  with  the  groundwater  to  discharge  points.  It  may  be  subject 
to  biodegradation  in  soils,  shallow  groundwater,  and  surface  water.  Benzene  will  not  be 
expected  to  significantly  adsorb  to  sediment,  bioconcentrate  in  aquatic  organisms,  or 
hydrolyze.  Photodegradation  may  be  a  significant  removal  mechanism  in  surface  water  which 
is  not  conducive  to  microbial  degradation.  Benzene  will  undergo  significant  photodegradation 
in  air,  but  may  be  washed  out  with  rain  [1]. 
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human  toxicity 

General.  Benzene  is  absorbed  into  the  body  following  ingestion,  inhalation,  and  dermal 
contact,  and  must  undergo  metabolic  transformation  to  exert  its  toxic  effects.  Metabolism 
occurs  primarily  in  the  liver,  and  to  a  lesser  extent,  in  the  bone  marrow  [4].  The  primary 
targets  of  benzene  toxicity  are  the  CNS  and  the  blood  [4,5].  Benzene  is  genotoxic  to  humans 
and  the  USEPA  has  placed  it  in  weight-of-evidence  cancer  group  A,  indicating  that  it  is  a 
human  carcinogen  [6]. 

Oral  Exposure.  A  chronic  oral  RfD  for  benzene  is  currently  under  review  by  the  USEPA  [6]. 
Benzene  is  readily  absorbed  following  oral  exposure.  The  lowest  reported  fatal  dose  in 
humans  is  50  mg/kg  [5].  Acute  oral  LD50  values  in  animals  include  930  to  5600  mg/kg  in 
rats,  2000  mg/kg  in  dogs,  and  4700  mg/kg  in  mice  [4,5].  Data  regarding  the  ingestion  of 
benzene  in  humans  are  limited  to  acute  overexposure.  Ingestion  of  2  mL  (29  mg/kg)  has 
resulted  in  depression  of  the  CNS,  while  ingestion  of  10  mL  (143  mg/kg)  has  been  fatal  [5]. 
The  cause  of  death  was  usually  respiratory  arrest,  CNS  depression,  or  cardiac  collapse  [4].  In 
animals,  longer-term  oral  exposure  has  resulted  in  toxic  effects  on  the  blood  (cytopenia: 
decrease  in  various  cellular  elements  of  the  blood)  and  the  immunological  system  (decreased 
white  blood  cells)  [4].  There  is  no  evidence  that  oral  exposure  to  benzene  causes  effects  on 
reproduction  and  development,  but  studies  in  animals  suggest  that  benzene  may  affect  fetal 
development  [4].  There  is  no  information  regarding  carcinogenic  effects  in  humans  following 
oral  exposure  to  benzene,  but  studies  in  animals  indicate  that  benzene  ingestion  causes  cancer 
in  various  regions  of  the  body  [4].  An  oral  slope  factor  of  0.029  (mg/kg-day)‘  is  based  on  an 
increase  in  the  incidence  of  leukemia  in  occupationally-exposed  workers  [6].  The  oral  slope 
factor  was  extrapolated  from  the  inhalation  data. 

inhalation  Exposure.  A  chronic  inhalation  RfC  for  benzene  is  currently  under  review  by  the 
USEPA  [6].  Benzene  is  readily  absorbed  following  inhalation  exposure.  The  lowest  reported 
fatal  concentration  in  humans  is  6380  mg/m3  for  a  5  minute  exposure  [5).  Acute  inhalation 
LC50  values  in  rats  ranged  from  10,000  ppm  for  7  hours  to  13,700  ppm  for  4  hours  [4,5]. 
Most  of  the  available  data  regarding  benzene  exposure  involve  workers  exposed  in  the 
workplace.  The  acute  effects  of  benzene  exposure  involve  the  CNS.  Brief  exposure  to 
concentrations  of  700  to  3000  ppm  can  cause  drowsiness,  dizziness,  headaches,  and 
unconsciousness,  and  exposure  to  concentrations  of  10,000  to  20,000  ppm  can  result  in  death 
[4].  In  most  cases,  the  effects  will  end  when  exposure  ceases.  The  hematopoietic  system  is 
the  primary  target  of  toxicity  following  long-term  exposure:  exposure  for  several  months  to 
years  results  in  pancytopenia  (reduction  in  red  blood  cells,  platelets,  and  white  blood  cells), 
while  continued  exposure  for  many  years  results  in  anemia  or  leukemia.  The  lowest 
concentration  resulting  in  the  hematological  effects  is  approximately  10  to  50  ppm  [5]. 
Benzene  has  been  shown  to  cause  chromosomal  aberrations  in  bone  marrow  and  lymphocytes 
in  workers  exposed  to  concentrations  >100  ppm  [5].  Chromosomal  damage  has  been  found 
in  animals  at  concentrations  as  low  as  1  ppm  [5].  Benzene  is  not  known  to  be  teratogenic 
(cause  birth  defects)  in  humans,  but  has  been  found  to  cause  various  problems  in  the 
developing  fetus  of  animals  (low  birth  weight  and  delayed  bone  formation)  [4,5]. 
Occupational  exposure  to  benzene  has  resulted  in  leukemia  in  exposed  workers  [4,5].  An 
inhalation  unit  risk  of  8.3  x  10"6  (ug/m3)'1  is  based  on  the  incidence  of  leukemia  in 
occupationally-exposed  workers  [6]. 
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Dermal  Exposure.  Dermal  exposure  to  benzene  may  cause  redness  and  dermatitis  [4,5]. 
Systemic  effects  have  not  been  reported  following  dermal  exposure  to  benzene. 
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ETHYLBENZENE 


CAS  NUMBER 
100-41-4 

COMMON  SYNONYMS 
None  noted. 

ANALYTICAL  CLASSIFICATION 
Volatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  161  mg/L  at  25°C  [1] 

Vapor  Pressure:  9.53  mm  Hg  at  25°C  [1] 

Henry's  Law  Constant:  8.44  x  10'3  atm-m  /mole  [1] 

Specific  Gravity:  0.87  at  25/25°C  [2] 

Organic  Carbon  Partition  Coefficient:  871  [1] 

FATE  DATA:  HALF-LIVES 

Soil:  3  to  10  days  [3] 

Air:  8.56  hours  to  3.57  days  [3] 

Surface  Water:  3  to  10  days  [3] 

Groundwater:  6  to  228  days  [3] 

NATURAL  SOURCES 
Coal  tar  and  petroleum  [4]. 

ARTIFICIAL  SOURCES 

Manufacture  of  styrene,  solvent,  petroleum  refining,  vaporization/spills  of  gasoline  and 
diesel  fuel,  auto  emissions,  paints,  inks,  insecticides,  and  cigarette  smoke  [1,2,4], 

FATE  AND  TRANSPORT 

Ethylbenzene  released  to  surface  soils  will  probably  undergo  partial  volatilization  and, 
given  its  limited  ability  to  sorb  to  soils  (K^  =  871),  leach  to  groundwater.  Evidence 
suggests  that  this  material  undergoes  biodegradation  in  groundwater,  and  may  also  do 
so  in  soils  if  the  initial  loading  doesn't  prove  toxic  to  soil-based  microorganisms.  If 
released  to  surface  waters,  ethylbenzene  is  expected  to  volatilize  fairly  readily.  As  with 
groundwater,  rapid  biodegradation  can  be  predicted  after  an  initial  acclimation  period. 
Ethylbenzene  shows  only  a  slight  to  moderate  tendency  to  adsorb  to  soils  and  sediments 
in  water.  Bioconcentration  in  aquatic  organisms  is  not  expected  to  be  significant  (BCF 
=  145).  Ethylbenzene  is  expected  to  exist  in  the  atmosphere  primarily  as  a  vapor, 
based  upon  its  vapor  pressure  value  (9.53  mm  Hg).  Principally,  ethylbenzene  will  be 
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removed  from  the  atmosphere  via  reaction  with  hydroxyl  radicals;  some  washout  via 
rainfall  may  be  expected  [1]. 

HUMAN  TOXICITY 

General.  Humans  exposed  to  ethylbenzene  may  experience  eye  and  throat  irritation, 
decreased  movement,  and  dizziness.  Studies  in  animals  have  shown  liver  and  kidney 
damage,  nervous  system  changes,  and  blood  changes  [4].  The  USEPA  has  placed 
ethylbenzene  in  weight-of-evidence  group  D,  indicating  that  it  is  not  classifiable  as  to 
human  carcinogenicity  [5]. 

Oral  Exposure.  A  chronic  RfD  of  0. 1  mg/kg-day  is  based  on  a  NOEL  of  97. 1  mg/kg- 
day  and  a  LOAEL  of  291  mg/kg-day  determined  for  liver  and  kidney  toxicity  in  a  rat 
subchronic  to  chronic  oral  bioassay  [5].  Studies  in  animals  revealed  that  ethylbenzene 
is  quickly  and  effectively  absorbed  following  oral  exposure.  The  oral  (gavage)  LD50  in 
rats  is  reported  to  be  4,728  mg/kg.  No  information  was  located  regarding  death  or 
health  effects  in  humans  following  oral  exposure  [4]. 

Inhalation  Exposure.  The  RfC  of  1  mg/m3  is  based  on  a  NOAEL  of  434  mg/m 
determined  for  developmental  toxicity  in  rats  and  rabbits  exposed  via  inhalation  [5]. 
Ethylbenzene  is  rapidly  and  efficiently  absorbed  via  inhalation  in  humans  and  animals. 
A  4-hour  LC50  of  4,000  ppm  was  reported  for  rats.  Exposure-related  adverse  effects  in 
animals  included  those  to  the  liver  and  kidneys,  eye  irritation,  profuse  lacrimation, 
CNS  depression,  and  ataxia.  No  deaths  were  reported  for  humans  following  inhalation 
of  ethylbenzene.  The  effects  observed  in  humans  included  pulmonary  and  ocular 
irritation,  profuse  lacrimation,  chest  constriction,  dizziness,  vertigo,  and  possible 
hematological  alterations.  Exposure  of  pregnant  rats  to  levels  above  138  ppm  for 
24  hours/day  for  9  days  had  adverse  developmental  effects  [4]. 

Dermal  Exposure.  Liquid  ethylbenzene  is  rapidly  absorbed  through  the  skin;  however, 
absorption  of  vapors  through  the  skin  is  minimal.  The  dermal  LD50  in  rabbits  for 
liquid  ethylbenzene  was  reportedly  15,415  mg/kg.  Ethylbenzene  appears  to  be  a  slight 
eye  irritant  in  rabbits  [4]. 
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POLYCYCLIC  AROMATIC  HYDROCARBONS 


GENERAL 

Polycyclic  aromatic  hydrocarbons  (PAHs)  are  a  large  group  of  chemicals  formed 
during  the  incomplete  combustion  of  organic  materials.  There  are  over  one  hundred 
PAHs,  and  they  are  found  throughout  the  environment  in  air,  water,  and  soil.  Seven  of 
the  15  PAHs  addressed  in  this  profile  are  classified  as  probable  human  carcinogens 
[1,2]. 


CAS  NUMBERS 


Acenaphthene 

83-32-9 

Chrysene 

218-01-9 

Acenaphthylene 

208-96-8 

Dibenzo(a,  h)anthracene 

53-70-3 

Anthracene 

120-12-7 

Fluoranthene 

206-44-0 

Benzo(a)anthracene 

56-55-3 

Fluorene 

86-73-7 

Benzo(a)pyrene 

50-32-8 

Indeno(l  ,2,3-cd)pyrene 

193-39-5 

Benzo(b)fluoranthene 

205-99-2 

Phenanthrene 

85-01-8 

Benzo(g,h,i)perylene 

Benzo(k)fluoranthene 

191-24-2 

207-08-9 

Pyrene 

129-00-00 

COMMON  SYNONYMS 


Polynuclear  aromatic  hydrocarbons,  PNAs,  PAHs. 

ANALYTICAL  CLASSIFICATION 
Semivolatile  organic. 

PHYSICAL  AND  CHEMICAL  DATA 

Water  Solubility:  insoluble  to  3.93  mg/L  [1] 

Vapor  Pressure:  negligible  to  very  low  at  25 °C  [1] 

Henry's  Law  Constant:  6.95  x  108  to  1.45  x  103  atm-m3/mole  [1] 
Specific  Gravity:  approximately  0.9  to  1.4  at  0  to  27°C  [1] 

Organic  Carbon  Partition  Coefficient  (K^):  2.5x  103  to  5.5  x  106  [1] 

FATE  DATA:  HALF-LIVES 

Soil:  12.3  days  to  5.86  years  [3] 

Air:  0.191  hours  to  2.8  days  [3] 

Surface  Water:  0.37  hours  to  1.78  years  [3] 

Groundwater:  24.6  days  to  10.4  years  [3] 

NATURAL  SOURCES 

Volcanoes,  forest  fires,  crude  oil,  and  oil  shale  [1]. 
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ARTIFICIAL  SOURCES 


Motor  vehicles  and  other  petroleum  fuel  engines,  wood-burning  stoves  and  fireplaces, 
furnaces,  cigarette  smoke,  industrial  smoke  or  soot,  and  charcoal-broiled  foods  [1]. 

FATE  AND  TRANSPORT 

Because  the  physical  and  chemical  properties  of  PAHs  vary  substantially  depending  on 
the  specific  compounds  in  question,  the  fate  and  transport  characteristics  vary.  Thus, 
the  following  discussion  is  presented  in  very  general  terms.  Some  fate  characteristics 
are  roughly  correlated  with  molecular  weight;  so  the  compounds  are  grouped  as  follows 
[1]: 

•  Low  molecular  weight:  acenaphthene,  acenaphthylene,  anthracene,  fluorene,  and 
phenanthrene; 

•  Medium  molecular  weight:  fluoranthene  and  pyrene;  and 

•  High  molecular  weight:  benzo(a)anthracene,  benzo(b)fluoranthene,  benzo- 
(k)fluoranthene,  benzo(g,h,i)perylene,  benzo(a)pyrene,  chrysene,  dibenzo- 
(a,h)anthracene,  and  indeno(l,2,3-cd)pyrene. 

PAHs  are  present  in  the  atmosphere  in  the  gaseous  phase  and  sorbed  to  particulates. 
They  may  be  transported  great  distances,  and  are  subject  to  photodegradation  as  well  as 
wet  or  dry  deposition  [1]. 

PAHs  in  surface  water  are  removed  by  volatilization,  binding  to  particulates  and 
sediments,  bioaccumulation,  and  sorption  onto  aquatic  biota.  The  low  molecular 
weight  PAHs  have  Henry's  Law  constants  in  the  range  of  103  to  10-5  atm-m3/mole, 
and  would  therefore  be  expected  to  undergo  significant  volatilization;  medium 
molecular  weight  PAHs  have  constants  in  the  1CH5  range;  and  high  molecular  weight 
PAHs  have  constants  in  the  range  of  105  to  10*8.  Half-lives  for  volatilization  of 
benzo(a)anthracene  and  benzo(a)pyrene  from  water  have  been  estimated  to  be  greater 
than  100  hours.  It  has  been  reported  that  lower  molecular  weight  PAHs  could  be 
substantially  removed  by  volatilization  under  conditions  of  high  temperature,  shallow 
depth,  and  high  wind.  For  example,  anthracene  was  found  to  have  a  half-life  for 
volatilization  of  18  hours  in  a  stream  with  moderate  current  and  wind.  In  an  estuary, 
volatilization  and  adsorption  are  the  primary  removal  mechanisms  for  medium  and  high 
molecular  weight  PAHs,  whereas  volatilization  and  biodegradation  are  the  major 
mechanisms  for  low  molecular  weight  compounds.  PAHs  can  bioaccumulate  in  plants 
and  animals,  but  are  subject  to  extensive  metabolism  by  high-trophic-level  consumers, 
indicating  that  biomagnification  is  not  significant  [1], 

Potential  mobility  in  soil  is  related  to  the  organic  carbon  partition  coefficient  (Kqc). 
The  low  molecular  weight  PAHs  have  values  in  the  range  of  103  to  104,  which 
indicates  a  moderate  potential  to  be  adsorbed  to  organic  material.  Medium  molecular 
weight  compounds  have  values  on  the  order  of  104,  while  high  molecular  weight 
compounds  have  values  in  the  10s  to  106  range.  The  latter  compounds,  then,  have  a 
much  greater  tendency  to  adsorb  and  resist  movement  through  soil.  Volatilization  of 
the  lower  molecular  weight  compounds  from  soil  may  be  substantial.  However,  some 
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portion  of  PAHs  in  soil  may  be  transported  to  groundwater,  and  then  move  laterally  in 
the  aquifer,  depending  on  soil/water  conditions  [1]. 

HUMAN  TOXICITY 

General.  Ingestion  of,  inhalation  of,  or  dermal  contact  with  PAHs  by  laboratory 
animals  has  been  shown  to  produce  tumors.  Reports  in  humans  show  that  individuals 
exposed  by  inhalation  or  dermal  contact  for  long  periods  of  time  to  mixtures  of  PAHs 
and  other  compounds  can  also  develop  cancer.  However,  the  relationship  of  exposure 
to  any  individual  PAH  with  the  onset  of  cancer  in  humans  is  not  clear  [1].  The 
available  RfDs  and  weight-of-evidence  groups  for  the  PAHs  addressed  in  this  profile 
are  presented  in  Table  1.  The  available  slope  factors  are  presented  below.  No  other 
toxicity  values  were  available  [2,4]. 

Oral  Exposure.  Indirect  evidence  suggests  that  benzo(a)pyrene  may  not  be  readily 
absorbed  following  oral  exposure  in  humans.  On  the  other  hand,  absorption  in  rats 
appears  to  be  rapid  and  efficient.  Whether  or  not  there  is  actually  a  significant 
difference  between  humans  and  rats  in  the  capacity  to  absorb  benzo(a)pyrene  is 
questionable.  It  should  be  noted  that  the  degree  of  uptake  is  highly  dependent  on  the 
vehicle  of  administration.  A  NOAEL  of  150  mg/kg-day  was  determined  for 
gastrointestinal,  hepatic,  and  renal  effects  in  rats  following  acute  oral  exposure  to 
benzo(a)pyrene  or  benzo(a)anthracene.  LOAELs  in  the  range  of  40  to  160  mg/kg-day 
were  determined  for  developmental  and  reproductive  effects  in  mice  following  acute 
oral  exposure  to  benzo(a)pyrene  [1].  An  oral  slope  factor  of  7.3  (mg/kg-day)'1  for 
benzo(a)pyrene  is  based  on  tumors  detected  in  the  forestomachs  of  rats  and  mice  m 
various  diet  studies  [2], 

Inhalation  Exposure.  The  USEPA  does  not  currently  provide  inhalation  RfCs  for  any 
of  the  PAHs  [2,4].  Pure  PAH  aerosols  appear  to  be  well  absorbed  from  the  lungs  of 
animals.  However,  PAHs  adsorbed  to  various  particles  appear  to  be  poorly  absorbed, 
if  at  all.  The  latter  are  most  likely  to  be  removed  from  the  lungs  by  mucociliary 
clearance  and  subsequent  ingestion.  Lung  cancer  in  humans  has  been  strongly 
associated  with  long-term  inhalation  of  coke-oven  emissions,  roofing-tar  emissions,  and 
cigarette  smoke,  all  of  which  contain  mixtures  of  carcinogenic  PAHs.  It  has  been 
estimated  that  the  8-hour  time- weighted  average  exposure  to  PAHs  in  older  coke  plants 
was  approximately  22  to  33  pg/m3  [1].  An  inhalation  slope  factor  of  6.1  (mg/kg-day)'1 
for  benzo(a)pyrene  is  based  on  tumors  detected  in  the  respiratory  tracts  of  hamsters  in  a 
chronic  intermittent  inhalation  study  [4]. 

Dermal  Exposure.  Limited  in-vivo  evidence  exists  that  PAHs  are  at  least  partially 
absorbed  by  human  skin.  An  in-vitro  study  with  human  skin  indicated  that  3  %  of  an 
applied  dose  of  benzo(a)pyrene  was  absorbed  after  24  hours.  Studies  in  mice  indicated 
that  at  least  40%  of  an  applied  dose  of  benzo(a)pyrene  was  absorbed  after  24  hours. 
The  carcinogenic  PAHs  as  a  group  cause  various  noncancerous  skin  disorders  in 
humans  and  animals.  Substances  containing  mixtures  of  PAHs  have  been  linked  to  skin 
cancers  in  humans.  Studies  in  laboratory  animals  have  demonstrated  the  ability  of 
benz(a)anthracene,  benzo(b)fluoranthene,  benzo(a)pyrene,  chrysene, 

dibenzo(a,h)anthracene,  and  indeno(l,2,3-cd)pyrene  to  induce  skin  tumors  [1]. 
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SUMMARY 

Environmental  Fate/Exposure  Summary: 

t-Butyl  methyl  ether  may  be  released  as  a  result  of  its  use  as  an  octane  booster  for  unleaded 
gasoline  and  its  use  in  the  manufacture  of  isobutene.  If  t-butyl  methyl  ether  is  released  to  soil,  it  will 
be  subject  to  volatilization.  It  will  be  expected  to  exhibit  very  high  mobility  in  soil  and,  therefore,  it 
may  leach  to  groundwater.  It  will  not  be  expected  to  hydrolyze  in  soil.  If  t-butyl  methyl  ether  is 
released  to  water,  it  will  not  be  expected  to  significantly  adsorb  to  sediment  or  suspended  particulate 
matter,  bioconcentrate  in  aquatic  organisms,  hydrolyze,  directlyphotolyze,  or  photooxidize  via 
reaction  with  photochemically  produced  hydroxyl  radicals  in  the  water,  based  upon  estimated 
physical-chemical  properties  or  analogies  to  other  structurally  related  aliphatic  ethers.  t-Butyl  methyl 
ether  in  surface  water  willbe  subject  to  rapid  volatilization  with  estimated  half-lives  of4.1  hr  and  2.0 
days  for  volatilization  from  a  river  one  meter  deep  flowing  1  m/sec  with  a  wind  velocity  of  3  m/sec 
and  a  model  pond,  respectively.  It  may  be  resistent  to  biodegradation  in  environmental  media  based 
upon  screening  test  data  from  a  study  using  activated  sludge  inocula.  Many  ethers  are  known  to  be 
resistant  to  biodegradation.  If  t-butyl  methyl  ether  is  released  to  theatmosphere,  it  will  be  expected  to 
exist  almost  entirely  in  thevapor  phase  based  on  its  vapor  pressure.  It  will  be  susceptibleto 
photoxidation  via  vapor  phase  reaction  with  photochemically  produced  hydroxyl  radicals  with  an 
estimated  half-life  of  5.6  days  for  this  process.  Direct  photolysis  will  not  be  an  important  removal 
process  since  aliphatic  ethers  do  not  adsorb  light  at  wavelenghts  &GT;290  nm.  The  most  probable 
route  of  general  populationexposure  to  t-butyl  methyl  ether  is  probably  via  inhalation  of 
contaminated  air.  Exposures  through  dermal  contact  may  occur  in  occupational  settings.  (SRC). 


POLLUTION  SOURCES 
Artificial  Sources: 

t-Butyl  methyl  ether  may  be  released  as  a  result  of  its  use  as  an  octane  booster  for  unleaded 
gasoline  (up  to  7%  by  volume)  and  its  use  in  the  manufacture  of  isobutene(1 ,2). 


ENVIRONMENTAL  FATE 


1  TERRESTRIAL  FATE:  If  t-butyl  methyl  ether  is  released  to  soil,  it  will  be  subject  to 
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1  TERRESTRIAL  FATE:  If  t-butyl  methyl  ether  is  released  to  soil,  it  will  be  subject  to 
volatilization  based  upon  a  reported  Henry's  Law  constant  of  5.87X10-4  atm-cu  m/mole(1) 
and  vapor  pressure  of  249  mm  Hg  at  25  deg  C(2).  It  will  be  expected  to  exhibit  very  high 
mobility(5,SRC)  in  soil  and,  therefore,  it  may  leach  to  groundwater,  based  upon  an  estimated 
Koc  of  1 1 .2(3, 4, SRC).  It  will  not  be  expected  to  hydrolyze  in  soil(4).  Butyl  methyl  ether  may 
be  resistent  to  biodegradation  in  soil  based  upon  screening  test  data  from  a  study  using 
activated  sludge  inocula(6,SRC).  Many  ethers  are  known  to  be  resistant  to  biodegradation(7). 

2AQUATIC  FATE:  If  t-butyl  methyl  ether  is  released  to  water,  it  will  not  be  expected  to 
significantly  adsorb  to  sediment  or  suspended  particulate  matter(1,2,SRC),  bioconcentrate  in 
aquatic  organisms(1,2,SRC),  hydrolyze(2),  directly  photolyze(3),  or  photooxidize  via  reaction 
with  photochemically  produced  hydroxyl  radicals  in  the  water(4),  based  upon  estimated 
physical-chemical  properties  or  analogies  to  other  structurally  related  aliphatic 
ethers(1-3,SRC).  t-Butyl  methyl  ether  in  surface  water  will  be  subject  to  rapid 
volatilization(2,5,SRC).  Using  a  reported  Henry's  Law  constant  of  5.87X10-4  atm-cu 
m/mole(5),  a  half-life  for  volatilization  of  t-butyl  methyl  ether  from  a  river  one  meter  deep 
flowing  1  m/sec  with  a  wind  velocity  of  3  m/sec  has  been  estimated  to  be  4.1  hr  at  25  deg 
C(2,SRC).  The  volatilization  half-life  from  a  model  pond,  which  considers  the  effect  of 
adsorption,  has  been  estimated  to  be  2.0  days(6).  t-Butyl  methyl  ether  may  be  resistent  to 
biodegradation  in  environmental  media  based  upon  screening  test  data  from  a  study  using 
activated  sludge  inocula(7,SRC).  Many  ethers  are  known  to  be  resistant  to  biodegradation(8). 


3ATMOSPHERIC  FATE:  If  t-butyl  methyl  ether  is  released  to  the  atmosphere,  it  will  be 
expected  to  exist  almost  entirely  in  the  vapor  phase(2)  based  upon  a  reported  vapor  pressure 
of  249  mm  Hg  at  25  deg  (XJ}  ,t  will  be  susceptible  to  photooxidation  via  vapor  phase 
reaction  with  photochemically  produced  hydroxyl  radicals.  An  atmospheric  half-life  of  5.6  days 
at  an  atmospheric  concentration  of  5X10+5  hydroxyl  radicals  per  cu  cm  has  been  calculated 
for  this  process  based  upon  a  measured  rate  constants, SRC).  Direct  photolysis  will  not  be 
an  important  removal  process  since  aliphatic  ethers  do  not  absorb  light  at  wavelengths 
&GT;290  nm(4). 


ENVIRONMENTAL  TRANSFORMATIONS 

Biodegradation: 

No  data  concerning  the  biodegradation  of  t-butyl  methyl'ether  in  environmental  media  were  located. 
An  activated  sludge  aqueous  screening  study  found  that  the  compound  was  biodegraded  very 
slowly  with  a  1%  theoretical  biological  oxygen  demand  being  measured  after  21  days  incubation(l). 
These  screening  test  results  suggest  that  t-butyl  methyl  ether  may  be  resistent  to  biodegradation  in 
the  environment(SRC).  Studies  of  three  biological  treatment  processes  indicated  that  most  of  the 
compound  could  be  removed  from  wastewater  by  treatment,  but  it  was  not  determined  whether  the 
removal  was  due  to  biological  activity  or  to  some  other  processes  such  as  volatilization  or 
adsorption(2).  The  percentages  of  the  compound  removed  by  a  conventional  activated  sludge 
process,  an  activated  sludge  process  supported  by  powder  activated  carbon  treatment  (PACT),  and 
the  PACT-process  in  combination  with  wet-air  regeneration  of  activated  carbon  containing  surplus 
sludge  were:  85%,  94%,  and  95%,  respectively(2).  Many  ethers  are  known  to  be  resistant  to 
biodegradation(3). 

Abiotic  Degradation: 

The  rate  constant  for  the  vapor  phase  reaction  of  t-butyl  methyl  ether  with  photochemically  produced 
hydroxyl  radicals  has  been  measured  to  be  2.84X10-12  cu  cm/molecule-sec  at  25  deg  C(1)  which 
corresponds  to  an  atmospheric  half-life  of  5.6  days  at  an  atmospheric  concentration  of  5X10+5 
hydroxyl  radicals  per  cu  cm(SRC).  Addition  of  t-butyl  methyl  ether  to  a  simulaneously  mixture 
increased  the  amount  of  ozone  formed  and  NO  consumed(4).  Hydrolysis  is  not  expected  to  be 
significant  under  normal  environmental  conditions  (pH  5-9)(2).  Direct  photolysis  will  not  be  an 
important  removal  process  since  aliphatic  ethers  do  not  absorb  light  at  wavelengths  &GT;290  nm(3). 
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ENVIRONMENTAL  TRANSPORT 
Bioconcentration: 

BCF:  1.5  in  Japanese  carp(1).  Based  upon  this  experimental  BCF,  t-butyl  methyl  ether  will  not  be 
expected  to  bioconcentrate  in  aquatic  organisms(SRC). 

Soil  Adsorption/Mobility: 

Based  upon  a  reported  water  solubility  of  51,000  mg/L  at  25  deg  C(1),  a  Koc  of  11.2  has  been 
estimated  using  a  recommended  regression  equation(2).  Based  upon  this  estimated  Koc,  t-butyl 
methyl  ether  will  be  expected  to  exhibit  very  high  mobility  in  soil(3).  t-Butyl  methyl  ether,  therefore, 
may  leach  through  soil  to  groundwater  if  it  does  not  volatilize  or  biodegrade  first(SRC). 

Volatilization  from  Soil/Water: 

The  half-life  for  volatilization  of  t-butyl  methyl  ether  from  a  river  one  meter  deep  flowing  1  m/sec  with 
a  wind  velocity  of  3  m/sec  is  estimated  to  be  4.1  hr  at  25  deg  C(1  ,SRC)  based  on  a  reported  Henry's 
Law  constant  of  5.87X10-4  atm-cu  m/mole(2).  The  volatilization  half-life  from  a  model  pond,  which 
considers  the  effect  of  adsorption,  has  been  estimated  to  be  2.0  days(3,SRC).  Based  upon  the 
Henry's  Law  constant  and  a  reported  vapor  pressure  of  249  mmHg  at  25  deg  C(4),  t-butyl  methyl 
ether  will  be  subject  to  volatilization  from  surfaces  and  near-surface  soil(SRC). 


ENVIRONMENTAL  CONCENTRATIONS 
Water  Concentrations: 

GROUNDWATER:  t-Butyl  methyl  ether  has  been  detected  at  concn  up  to  50  ppb  in  the  Old  Bridge 
aquifer  under  an  industrial  plant  in  South  Brunswick  Township,  NJ  (no  sampling  dates  specified)(1). 
A  contamination  abatement  system  installed  at  this  aquifer,  including  7  extraction  wells  and  a  water 
treatment  facility,  reduced  the  t-butyl  methyl  ether  concn  by  an  estimated  26%(1). 


HUMAN  EXPOSURE 

Probable  Routes  of  Human  Exposure: 

1  General  population  exposure  to  t-butyl  methyl  ether  is  probablyvia  inhalation  of  contaminated 
air  and  dermal  exposure.  Exposure  through  inhalation  and  dermal  contact  may  occur  in 
occupational  settings.  (SRC) 

2NIOSH  (NOES  Survey  1981-1983)  has  statistically  estimated  that  3,522  workers  are  exposed 
to  t-butyl  methyl  ether  in  the  USA(1). 
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Assume:  Soil  properties  are  specified  from  Table  1 .4.  (Ref.  Foundation 

Engineering,  Peck,  Hanson,  and  Thomburn,  John  Wiley  Press,  1974) 
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SCREENING  AND  DEVELOPMENT  OF  REMEDIAL 

ALTERNATIVES 


1.1  OVERVIEW 

This  appendix  identifies  a  variety  of  remedial  approaches  and  technologies  that  were 
considered  in  developing  remedial  alternatives  for  Site  SS-15A.  This  initial  screening 
was  based  on  three  primary  evaluation  criteria:  effectiveness  in  meeting  established 
SSTLS  and  eventually  Tier  1  TCLs,  technical  and  administrative  implementability,  and 
relative  cost.  The  purpose  of  this  screening  was  to  quickly  focus  the  CAP  on  the  most 
promising  and  cost-effective  methods  for  remediating  Site  SS-15A.  This  appendix 
focuses  on  how  selected  active  remedial  technologies  could  be  combined  with  natural 
chemical  attenuation  to  achieve  an  effective  site  cleanup. 

2.1  SCREENING  OF  REMEDIAL  TECHNOLOGIES 

Table  1  provides  a  summary  of  the  remedial  approaches  and  technologies  considered 
for  Site  SS-15A.  All  of  these  technologies  are  appropriate  for  the  remediation  of  fuel- 
contaminated  soils  or  groundwater.  Technologies  which  are  used  for  non-fuel 
contaminants  have  been  purposely  deleted  from  this  focused  initial  screening.  Several 
of  the  most  promising  technologies  considered  during  screening  have  been  retained  as 
candidates  for  the  development  of  remedial  alternatives  and  evaluated  in  Section  9  of 
the  CAP.  The  following  paragraphs  provide  a  brief  description  of  each  approach  or 
technology  group  and  its  site-specific  applicability  for  this  site. 

2.1.1  Long-Term  Monitoring 

Long-term  monitoring  of  groundwater  is  essential  in  evaluating  the  progress  of 
intrinsic  and  engineered  remediation  and  for  ensuring  that  cleanup  criteria  are  achieved 
over  a  specified  time  interval. 

2.1. 1.1  Soil  and  Soil  Gas  Monitoring 

Soil  and  soil  gas  monitoring  provides  information  for  assessing  the  effectiveness  of 
an  implemented  soil  remedial  technology.  Extensive  soil  sampling  at  Site  SS-15A  has 
revealed  low  to  moderate  contamination  in  unsaturated  and  saturated  soils  in  the  source 
areas.  All  detected  soil  contaminants  are  below  target  risk-based  remedial  goals  that 
are  protective  of  human  health  given  current  and  future  proposed  land  uses.  However, 
soil  contaminant  concentrations  is  localized  areas  exceed  levels  that  are  protective  of 
groundwater  at  Site  SS-15A.  Soil  gas  is  used  as  an  indicator  of  VOC  reduction,  and 
oxygen  and  carbon  dioxide  concentrations  can  indicate  the  level  of  hydrocarbon 
biodegradation  occurring  in  the  soil.  Long-term  soil  and  soil  gas  monitoring  was 
retained  for  further  evaluation. 
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2. 1.1. 2  Groundwater  Monitoring 

Groundwater  monitoring  approaches  are  essential  for  evaluating  the  effectiveness  of 
implemented  groundwater  remediation  approaches  or  technologies,  particularly  natural 
attenuation  processes.  LTM  wells  can  be  utilized  to  monitor  contaminants  and  their 
attenuation  within  and  near  the  existing  plume.  The  predictions  of  fate  and  transport 
models  are  often  verified  using  LTM  wells  within  the  plume.  Point  of  action  (POA) 
wells  can  be  established  at  downgradient  locations  to  ensure  that  contaminants  do  not 
advance  at  concentrations  that  may  present  an  unacceptable  risk  beyond  an  area  under 
reliable  exposure  controls.  Sufficient  LTM  wells  are  now  available  at  this  site  to  assess 
both  vertical  and  horizontal  contaminant  transport  and  attenuation.  The  suitability  of 
existing  wells  for  LTM  is  addressed  in  Section  10  of  the  CAP.  Long-term  groundwater 
monitoring  was  retained  as  a  key  component  of  the  remedial  alternatives  for  this  site. 

2.1.2  Land  and  Groundwater  Use  Control 

Some  degree  of  land  and  groundwater  use  control  will  be  required  if  contaminant 
concentrations  in  groundwater  at  Site  SS-15A  exceed  the  30-day  groundwater  SSTLs. 
Land  and  groundwater  use  controls  also  can  be  enacted  to  minimize  the  potential  for 
direct  receptor  contact  with  site  contamination  and  to  maintain  the  exposure 
assumptions  used  to  derive  the  SSTLs. 

2.1.2.1  Land  Use  Control 

Physical  barriers  and  deed  restriction/easements  can  be  used  to  control  land  use. 
Access  to  this  site  is  currently  limited  by  fencing  around  the  Base  perimeter,  controlled 
access  to  the  site,  and  complete  pavement  coverage  of  all  impacted  media.  Physical 
barriers  and  deed  restrictions  on  land  and  resource  uses  were  retained  for  further 
evaluation. 

2. 1.2.2  Groundwater  Use  Control 

Groundwater  use  controls  can  eliminate  the  possibility  of  direct  exposure  of  site 
workers  to  contaminated  groundwater.  Groundwater  use  can  be  controlled  by 
regulating  well  permits,  minimizing  excavations  below  the  water  table,  and  when  no 
other  source  of  drinking  water  is  available,  installing  point-of-use  treatment  systems. 
Contaminated  groundwater  at  this  site  remains  within  an  area  under  Base  control,  and 
no  active  drinking  water  wells  exist  on  or  near  the  site.  The  regulation  of  future  well 
permits  in  the  vicinity  of  Site  SS-15A  was  retained  for  further  evaluation. 

2.1.3  Public  Education 

At  many  hazardous  waste  sites,  public  education  is  required  to  inform  the  public  of 
the  risks  associated  with  site  contamination  and  to  provide  the  necessary  warnings  to 
prevent  unintentional  contact  with  site  soils  or  groundwater.  Although  no  unacceptable 
human  health  risk  is  currently  associated  with  this  site,  any  future  release  of  this 
property  to  private  citizens  or  business  should  be  accompanied  with  a  clear 
understanding  of  where  unacceptable  contamination  may  still  exist  and  the  appropriate 
land  uses  that  will  prevent  exposure.  Public  education  was  retained  as  a  remedial 
approach. 
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2.1.4  Containment  of  the  Groundwater  Plume 

Plume  containment  uses  either  hydraulic  controls,  such  as  limited  groundwater 
pumping,  or  physical  barriers  such  as  slurry  walls,  to  minimize  downgradient  plume 
migration.  This  strategy  is  most  often  used  to  halt  the  advance  of  highly  contaminated 
groundwater  before  it  impacts  downgradient  drinking  waters  or  surface  waters. 
Groundwater  quality  data  and  fate  and  transport  modeling  indicate  that  migration  of 
dissolved  contaminants  will  be  minimal. 

2. 1.4.1  Hydraulic  Controls 

Hydraulic  controls  extract  contaminated  groundwater  to  prevent  further  migration  of 
the  plume.  Hydraulic  controls  considered  for  this  site  include  a  limited,  short-term 
pumping  of  contaminant  source  area  groundwater  to  facilitate  rapid  reductions  in 
dissolved  contaminant  concentrations.  Site  SS-15A  is  entirely  covered  by  concrete  or 
asphalt.  In  order  to  install  groundwater  extraction  wells  or  backhoe  pits,  cutting  of 
concrete  or  asphalt,  making  this  option  more  costly.  However,  the  contaminated  areas 
appear  to  be  very  localized,  and  groundwater  contaminant  concentrations  that  exceed 
SSTLs  could  be  relatively  rapidly  reduced  by  short-term,  aggressive  pumping. 
Therefore,  groundwater  pumping  to  reduce  dissolved  contaminant  concentrations  at  Site 
SS-15A  was  retained  as  a  remedial  alternative. 

Contaminated  areas  are  too  localized,  and  plume  migration  is  predicted  to  be  too 
minimal  to  justify  installation  of  groundwater  interceptor  trenches  or  french  drains. 
Therefore,  groundwater  interception  trenches  were  not  retained  as  a  remedial 
alternative. 

2.1.4.2  Physical  Groundwater  Barriers 

Slurry  walls,  grout  curtains,  and  sheet  pilings  are  physical  structures  capable  of 
limiting  downgradient  contaminant  migration.  However,  contaminants  are  not  removed 
by  such  physical  barriers,  they  are  only  contained.  When  compared  to  an  interceptor 
trench  where  contaminants  are  contained  and  removed,  containment  alone  is  a  less 
effective  option.  Available  data  indicate  that  plume  migration  is  and  will  be  minimal, 
negating  the  need  for  interception.  Additionally,  the  pavement  covering  the  site  would 
make  it  more  costly  to  install  any  physical  subsurface  barriers  at  Site  SS-15A.  Physical 
groundwater  barriers  were  not  retained  for  further  consideration. 

2. 1.4.3  Reactive/Semipermeable  Barriers 

Reactive,  semipermeable  barriers  are  an  emerging  technology  which  uses  a 
downgradient  chemically  reactive  wall  or  biologically  active  treatment  zone  to  intercept 
and  treat  groundwater  contaminants  as  they  pass  through  the  treatment  zone.  This 
technology  has  the  advantage  over  simple  physical  barriers  in  that  contaminants  are 
actually  destroyed  and  groundwater  flow  is  uninterrupted.  Installation  of  barrier 
wall(s)  are  not  necessary  due  to  the  current  and  predicted  future  lack  of  dissolved 
contaminant  migration,  and  the  long-term  maintenance  cost  would  be  very  large. 
Reactive  walls  and  biological  active  zones  were  not  retained  for  further  evaluation. 


-9- 


022/725526/17. ww6 


2.1.5  In  situ  Groundwater  Treatment 

In  situ  treatment  includes  both  engineered  and  natural  processes  which  are  capable  of 
destroying  or  immobilizing  dissolved  contamination  in  place.  In  situ  treatment  is 
generally  less  expensive  than  aboveground  treatment  because  there  is  no  need  to 
extract,  treat,  and  then  dispose  of  groundwater. 

2.1.5.1  Natural  Attenuation 

As  thoroughly  discussed  in  Section  6  of  the  CAP,  natural  attenuation  takes  advantage 
of  destructive  and  nondestructive  attenuation  mechanisms  to  bring  about  a  net  reduction 
in  groundwater  contaminant  concentrations.  Destructive  attenuation  mechanisms 
include  biodegradation,  abiotic  oxidation,  and  hydrolysis.  Nondestructive  attenuation 
mechanisms  include  sorption,  dilution,  and  volatilization  (Wiedemeier  et  al.,  1995).  At 
this  site,  the  historical  decrease  in  average  dissolved  contaminant  concentrations  and 
geochemical  evidence  both  confirm  that  natural  attenuation  is  a  fairly  significant  and 
ongoing  cleanup  process  at  this  site.  Therefore,  this  remedial  approach  was  retained 
from  the  screening  process. 

2.1.5.2  Enhanced/ Active  Biological  Groundwater  Treatment  via  Biosparging 

Enhanced  in  situ  biodegradation  takes  advantage  of  natural  biological  processes  by 
providing  enhanced  electron  acceptor  conditions  and,  when  required,  enhanced 
nitrogen/phosphorus  (i.e.,  nutrient)  conditions  to  stimulate  microbial  growth  and  more 
rapid  biodegradation.  Section  6  of  the  CAP  provides  geochemical  evidence  that  a  low 
oxygen  concentrations  in  source  area  groundwater  at  Site  ST-27  may  be  limiting  the 
biodegradation  of  dissolved  contaminants  in  the  plume.  Low  flow-rate  air  injection  into 
groundwater,  known  as  biosparging,  can  be  used  to  increase  dissolved  oxygen 
concentrations  in  groundwater  and  promote  biodegradation.  However,  the  potential 
anisotropy  of  subsurface  materials  may  limit  the  effectiveness  of  this  approach. 
Biosparging  was  not  retained  for  evaluation  as  a  method  of  enhancing  natural 
biodegradation  in  the  source  area. 

2.1.6  Aboveground  Groundwater  Treatment 

Groundwater  extraction  and  aboveground  groundwater  treatment  offers  the 
flexibility  of  more  engineering  controls  than  in  situ  remediation,  and  can  usually  treat  a 
wider  range  of  contaminants  than  in  situ  treatment.  Groundwater  extraction  also 
provides  greater  control  over  plume  migration  and  can  be  focused  in  areas  of  greatest 
contamination.  As  discussed  in  Section  2. 1.4.1  of  this  appendix,  active  groundwater 
extraction  techniques  were  retained  for  further  evaluation. 

2.1.6.1  Air  Stripping 

Air  stripping  technologies  contact  contaminated  groundwater  with  clean  air  to 
volatilize  (strip)  dissolved  contaminants  from  the  aqueous  phase.  Air  stripping  is  most 
effective  for  compounds  with  Henry’s  Law  constants  greater  than  0.001  atm-m3/mol, 
including  BTEX  compounds,  which  have  Henry’s  Law  constants  of  0.0049  atm-m3/mol 
to  0.0079  atm-m3/mol.  Air  stripping  was  not  retained  as  a  treatment  process  option 
because  it  is  most  effective  and  cost-efficient  for  long-term  treatment  operations  and 
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high  contaminant  concentrations.  In  addition,  it  does  not  effectively  treat  less  volatile 
PAHs. 

2.1. 6.2  Activated  Carbon  Treatment 

Activated  carbon  is  a  commonly  used  method  of  removing  organic  contaminants 
from  groundwater  as  it  passes  through  a  packed-bed  canister  of  granular  activated 
carbon  (GAC).  Use  of  GAC  as  a  treatment  process  option  was  retained  because  it  is 
cost  effective  for  short-term  pumping  and  low  contaminant  concentrations,  similar  to 
the  conditions  at  Site  SS-15A.  In  addition,  GAC  will  remove  both  volatile  and  non¬ 
volatile  petroleum  hydrocarbons  from  groundwater. 

2.1.7  Source  Removal/Soil  Remediation  Technologies 

The  removal  or  reduction  of  concentrated  contaminants  in  the  source  area  is 
normally  an  important  element  of  a  comprehensive  site  remediation.  Two  primary 
sources  of  contamination  can  potentially  exist  at  fuel  contaminated  sites:  LNAPL  and 
residual  fuels  which  are  sorbed  or  occluded  within  the  soil  matrix.  Residual  fuels 
comprise  the  primary  contaminant  source  at  Site  SS-15A;  mobile  LNAPL  appears  to  be 
minimal  to  nonexistent. 

Residual  fuel  contamination  in  the  source  areas  at  this  site  appears  to  be  present  in 
the  vadose  zone,  capillary  fringe,  and  the  uppermost  portion  of  the  saturated  zone. 
Residual  fuel  contamination  appears  to  be  limited  to  a  thin  layer  of  soil  in  the  capillary 
fringe  and  saturated  soils  downgradient  from  the  source  area.  Analysis  of  soil  samples 
indicate  that  remaining  soil  COPCs  are  present  at  concentrations  above  Tier  1  TCLs 
that  are  protective  of  groundwater.  Soil  leaching  modeling  results  (Section  6)  indicate 
that  contaminated  soils  are  a  significant  source  of  groundwater  in  localized  portions  of 
Site  SS-15A.  Common  soil  remediation  technologies  such  as  soil  vapor  extraction  and 
in  situ  bioventing,  which  depend  on  soil  gas  movement,  will  be  effective  based  on  the 
results  of  the  bioventing  pilot  test  performed  at  Apron  Line  AP-18.  Soil  flushing  using 
surfactants  is  another  option  for  reducing  fuel  residuals  that  is  evaluated  in  this  section. 

2.1.7.1  Bioslurping 

Bioslurping  is  a  vacuum-mediated  free  product  recovery  and  bioremediation 
technique  that  is  applicable  for  the  remediation  and  removal  of  measurable  layers  of 
LNAPL  on  groundwater.  Bioslurping  was  not  retained  for  further  evaluation  because 
mobile  LNAPL  appears  to  be  minimal  to  nonexistent  at  Site  SS-15A. 

2. 1.7.2  Product  Skimmer  Pumps  and  Wicks 

Product  skimmer  pumps  and  wicks  were  not  evaluated  for  use  at  Site  SS-15A 
because  mobile  LNAPL  appears  to  be  minimal  to  nonexistent  at  the  site. 

2.1.7.3  Soil  Vapor  Extraction 

SVE  mechanically  withdraws  soil  gas  from  the  vadose  zone  to  the  surface  using  vent 
wells.  If  necessary,  offgas  can  be  treated  prior  to  discharge  into  the  atmosphere.  By 
extracting  soil  gas  from  the  vadose  zone,  the  desorption  of  VOCs  from  soils  into  soil 
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gas  is  enhanced.  Because  SVE  also  results  in  an  influx  of  oxygenated  soil  gas  from 
clean  soils,  it  also  enhances  the  biodegradation  of  less  volatile  hydrocarbons.  SVE  was 
not  retained  for  further  evaluation  because  biodegradation  of  both  VOCs  and  less 
volatile  hydrocarbons  (e.g.,  PAHs)  could  be  accomplished  via  in  situ  bioventing 
without  the  need  for  expensive  off-gas  treatment. 

2.1.7 .4  Bioventing 

Bioventing  is  mechanically  similar  to  soil  vapor  extraction  except  that  this 
technology  uses  much  lower  rates  of  air  injection  to  provide  the  necessary  oxygen  to 
sustain  biological  degradation.  Bioventing  rates  of  air  injection  are  typically  one-tenth 
of  vapor  extraction  rates  for  the  same  site.  The  effectiveness  of  this  technology  has 
been  demonstrated  in  a  major  pilot  testing  program  conducted  at  over  140  Air  Force 
sites  (Downey,  1994).  A  bio  venting  pilot  test  conducted  at  Site  SS-15A  is  described  in 
Section  8  of  this  CAP.  The  pilot  test  results  indicate  that  bio  venting  could  be 
implemented  as  a  low-cost  remedial  technique  for  treatment  of  residual  soil 
contamination.  In  situ  bioventing  was  retained  for  further  analysis. 

2. 1.7.5  Surfactant  Soils  Washing 

Soil  washing  is  used  to  enhance  the  natural  partitioning  of  contaminants  from  the  soil 
into  the  groundwater,  and  is  generally  associated  with  a  groundwater  extraction  system. 
The  more  strongly  sorbed  compounds  may  require  surfactant  soil  washing  to  facilitate 
the  dissolution  process.  In  situ  soil  washing  is  most  effective  in  more  permeable 
aquifer  materials  than  those  present  at  Site  SS-15A.  Soil  washing  usually  involves  the 
addition  of  a  surfactant  compound  that  has  a  nonpolar  “tail”  to  dissolve  the 
contaminant,  and  a  polar  end  so  that  the  formed  miscelle  is  soluble  in  water. 
Biodegradable  surfactants  are  desirable  to  ensure  that  new,  recalcitrant  chemicals  are 
not  introduced  into  the  aquifer. 

Two  significant  disadvantages  are  associated  with  this  technology.  Because 
surfactants  are  added  in  relatively  high  concentrations,  they  will  exert  a  significant 
biological  oxygen  demand  on  the  aquifer.  This  additional  organic  loading  may  exceed 
the  natural  assimilative  capacity  of  the  aquifer  and  promote  the  migration  of  both 
surfactant  and  fuel  hydrocarbons.  The  second  problem  is  that  when  the  surfactant 
solution  is  recovered,  it  is  difficult  to  separate  contaminants  from  the  surfactants  so  that 
surfactants  can  be  recycled.  Treatment  of  surfactant-laden  groundwater  can  be 
achieved  with  activated  carbon,  but  the  surfactant  will  rapidly  load  the  carbon,  resulting 
in  unacceptable  treatment  costs.  Due  to  these  technical  difficulties,  surfactant  soils 
washing  was  not  retained  for  further  evaluation. 

2.1.9  Soil  Excavation  and  Treatment 

Excavation  and  off-Base  thermal  treatment  of  contaminated  site  soils  may  be 
appropriate  at  this  site  given  the  very  localized,  isolated  nature  of  the  contaminant 
“hotspots”.  Therefore,  these  options  were  retained  for  further  evaluation. 
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3.1  SUMMARY  OF  RETAINED  REMEDIAL  TECHNOLOGIES 


Based  on  the  initial  technology  screening  discussed  in  Section  2  of  this  appendix  and 
summarized  in  Table  1,  several  remedial  approaches  and  technologies  have  been 
retained  for  the  development  of  remedial  alternatives  and  more  detailed  analysis.  These 
technologies  were  selected  to  provide  a  range  of  passive  to  more  active  response 
actions,  all  of  which  can  meet  both  the  SSTLs  (and  eventually  Tier  1  TCLs)  at  a 
reasonable  cost  or  within  a  reasonable  timeframe.  The  following  remedial  approaches 
and  technologies  have  been  retained  : 

•  Long-term  soil  gas  and  groundwater  monitoring; 

•  Limited  land  use  controls; 

•  Groundwater  use  controls; 

•  Public  education; 

•  Natural  attenuation  of  soil  and  groundwater  contamination; 

•  Bioventing  for  the  treatment  of  residual  soil  contamination; 

•  Short  term  pumping  of  source  area  groundwater;  and 

•  Excavation  of  source  area  soils. 

Because  natural  attenuation,  and  specifically  biodegradation,  has  been  effectively 
removing  compounds  from  the  groundwater  and  limiting  downgradient  migration,  this 
ongoing  remediation  process  can  only  be  enhanced  through  a  reduction  of  residual  soil 
contamination  that  is  acting  as  a  source  of  contamination  to  groundwater  and  more 
concentrated  dissolved  contamination  in  the  vicinities  of  the  source  areas  at  AP26  and 
AP27.  Two  candidate  source-reduction  technologies,  in  situ  bioventing  and  soil 
excavation,  and  one  groundwater  treatment  technology,  short-term  groundwater 
pumping,  have  been  retained  for  additional  analysis.  Each  of  these  remediation 
approaches  is  described  in  greater  detail,  and  their  effectiveness  is  evaluated  in  Section 
9  of  this  CAP. 
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LTM  1  Cost  Estimate  If  £/■*«./<  ^ 

Offutt  AFB  B301 
722450.2405 

Author:  JRH 
Date:  5/23/97 
Checked  by: 

Date: 


Summary  of  Capital  and  Present  Worth  Costs 
Monitoring  Costs 

Biennial  Monitoring  of  7  wells,  1998-2024,  AP26-AP27 
plus  annual  monitoring  for  2  additional  years  (2025-2026) 


Cost  per  Event 

$12,455 

P/A  i=7%,  n=1 

1998 

$11,640 

P/A  i=7%,  n=3 

2000 

$10,167 

P/A  i=7%,  n=5 

2002 

$8,880 

P/A  i=7%,  n=7 

2004 

$7,756 

P/A  i=7%,  n=9 

2006 

$6,775 

P/A  i=7%,  n=11 

2008 

$5,917 

P/A  i=7%,  n=13 

2010 

$5,168 

P/A  i=7%,  n=15 

2012 

$4,514 

P/A  i=7%,  n=17 

2014 

$3,943 

P/A  i=7%,  n=19 

2016 

$3,444 

P/A  i=7%,  n=21 

2018 

$3,008 

P/A  i=7%,  n=23 

2020 

$2,627 

P/A  i=7%,  n=25 

2022 

$2,295 

P/A  i=7%,  n=27 

2024 

$2,004 

P/A  i=7%,  n=28 

2025 

$1,873 

P/A  i=7%,  n=29 

2026 

$1,751 

Total  Present  Worth  Cost  $81 ,764 

Biennial  Monitoring  of  5  wells,  1998-2008,  Other  Apron  Lines 


Cost  per  Event 

P/A  i=7%,  n=1 

$7,181 

1998 

$6,711 

P/A  i=7%,  n=3 

2000 

$5,862 

P/A  i=7%,  n=5 

2002 

$5,120 

P/A  i=7%,  n=7 

2004 

$4,472 

P/A  i=7%,  n=9 

2006 

$3,906 

P/A  i=7%,  n=11 

2008 

$3,412 

Total  Present  Worth  Cost 

$29,483 

Site  Management  every  year  (29  years) 

Annual  Cost 

P/A  i=7%  n=29 

$6,000 

PWF  =  12.2776741 

Present  Worth  Cost 

$73,666 

Total  Capital  and  Present  Worth  Costs  of  LTM  Program 

$184,912 
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ALTERNATIVE  1  Cost  Estimate 
Homestead  ARB  Site  SS-15A 
731298.04000 

Author:  JRH 
Date:  3/17/1998 
Checked  by: 

Date: 


Groundwater  Sampling  -  Years  1998-2024-7  wells  sampled  biennially 
Apron  lines  AP26  and  AP27 

Sampling  Labor  30  hours  x  $60  /hour 

7  Long-Term  Monitoring  Wells 

5  QA/QC  (1  dupl,  1  field  blank,  1  trip  blank,  1  MS,  1  MSD) 

12  Total  Samples 


Analytical  Subcontractor 


12  BTEX 

$70 

/each 

10  Methane 

$75 

/each 

10  Nitrate 

$20 

/each 

10  PAHs 

$127 

/each 

7  field  analysis 

$10 

/each 

Supplies 

$300 

lump  sum 

Travel 

$100 

lump  sum 

Data  Management  (20  hr  x  $60hr) 

$1,200 

Data  Validation  (1 5  hr  x  $60/hr) 

$900 

Reporting/Project  Management  Labor 

Word  Processing 

5 

hours  x 

$25 

/hour 

CADD 

8 

hours  x 

$50 

/hour 

Reproduction 

8 

hours  x 

$20 

/hour 

Staff  Level 

50 

hours  x 

$60 

/hour 

Proj.  Manager 

8 

hours  x 

$80 

/hour 

Editor 

5 

hours  x 

$60 

/hour 

Reporting/Project  Management  ODCs 

$400 

lump  sum 

Total  for  1  Sampling  Event 


$1,800 


$840 

$750 

$200 

$1,270 

$70 

$300 

$100 

$1,200 

$900 


$125 

$400 

$160 

$3,000 

$640 

$300 

$400 


$12,455 
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ALTERNATIVE  1  Cost  Estimate 
Homestead  ARB  Site  SS-15A 
731298.04000 

Author:  JRH 
Date:  3/17/1998 
Checked  by: 

Date: 


Groundwater  Sampling  -  Years  1 998--2008--5  wells  sampled  biennially 
Apron  lines  other  than  AP26  and  AP27 

Sampling  Labor  24  hours  x 

5  Long-Term  Monitoring  Wells 
2  QA/QC  (1  dupl,  1  trip  blank) 

7  Total  Samples 

Analytical  Subcontractor 


$60  /hour 


7  BTEX 

$70  /each 

6  Methane 

$75  /each 

6  Nitrate 

$20  /each 

6  naphthalene 

$101  /each 

2  TRPH 

$75  /each 

5  field  analyses 

$10  /each 

Supplies 

$200  lump  sum 

Travel 

$100  lumpsum 

Data  Management  (12  hr  x  $60hr) 

$720 

Data  Validation  (10  hr  x  $60/hr) 

$600 

Reporting/Project  Management  Labor  (in  addition  to  costs  on  costl.xls) 

Word  Processing 

3  hours  x 

$25  /hour 

CADD 

4  hours  x 

$50  /hour 

Reproduction 

4  hours  x 

$20  /hour 

Staff  Level 

20  hours  x 

$60  /hour 

Proj.  Manager 

4  hours  x 

$80  /hour 

Editor 

3  hours  x 

$60  /hour 

Reporting/Project  Management  ODCs 


$200  lump  sum 


Total  for  1  Sampling  Event 


$1,440 


$490 

$450 

$120 

$606 

$150 

$50 

$200 

$100 

$720 

$600 


$75 

$200 

$80 

$1,200 

$320 

$180 

$200 


$7,181 
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LTM  Cost  Estimate-Alternative  2 
Homestead  ARB  Site  SS-15A 
731298.04 

Author:  JRH 
Date:  3/17/98 
Checked  by: 

Date: 


Summary  of  Capital  and  Present  Worth  Costs 


Monitoring  Costs 


Annual  Monitoring  of  7  wells,  1998-2004,  apron  lines  AP26  and  AP27 

plus  annual  monitoring  for  2  additional  years  to  confirm 

Cost  per  Event 

$11,225 

P/A  i=7%,  n=1 

1998 

$10,491 

P/A  i=7%,  n=2 

1999 

$9,804 

P/A  i=7%,  n=3 

2000 

$9,163 

P/A  i=7%,  n=4 

2001 

$8,563 

P/A  i=7%,  n=5 

2002 

$8,003 

P/A  i=7%,  n=6 

2003 

$7,480 

P/A  i=7%,  n=7 

2004 

$6,990 

P/A  i=7%,  n=8 

2005 

$6,533 

P/A  i=7%,  n=9 

2006 

$6,106 

Total  Present  Worth  Cost 

Biennial  Monitoring  of  5  wells,  1998-2008, 

other  apron  lines 

Cost  per  Event 

$7,181 

P/A  i=7%,  n=1 

1998 

$6,711 

P/A  i=7%,  n=3 

2000 

$5,862 

P/A  i=7%,  n=5 

2002 

$5,120 

P/A  i=7%,  n=7 

2004 

$4,472 

P/A  i=7%,  n=9 

2006 

$3,906 

P/A  i=7%,  n=11 

2008 

$3,412 

Total 

Present  Worth 

Cost 

Site  Management  every  year  (9  years) 

Annual  Cost 

$6,000 

P/A  i=7%  n=9  PWF  =  6.51523225 

Present  Worth  Cost 


Bioventing  System  Installation  in  1998  (separate  spreadsheet) 

O&M  of  bioventing  system  plus  respiration  testing  (7  years) 

Annual  Cost  $10,691 

P/A  i=7%  n=7  PWF  =  5.3892894 

Present  Worth  Cost 


$73,133 


$29,483 


$39,091 

$60,148 

$57,617 
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LTM  Cost  Estimate— Alternative  2 
Homestead  ARB  Site  SS-15A 
731298.04 

Author:  JRH 
Date:  3/17/98 
Checked  by: 

Date: 

Confirmation  Soil  Sampling  and  Final  Reporting 

Total  Capital  and  Present  Worth  Costs  of  LTM  Program 


$12,455 

$271,927 
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Iter 

n  AP26  and  AP27  areas  only 

Unit 

Unit  cost 

Quantity 

Cost 

Design/Procure/Construct/Optimize 

Per  diem _ 

_ Travel _ 

Equipment  rental _ 

Materials  and  Equipment _ 

2  hp  blower/gages/controls/etc. 

Pipe  and  fittings _ 

Blower  enclosure 


$90 

$2,000 

$1,000 


lumpsum  $1,500 
l.f.  ~  $1 

each  $500 


$17,500 

$1,260 

$2,000 

$1,000 


$1,500 

$800 

$500 


Construction  Subcontractor _ 

Mob/demob _ j1s _ 

Asphalt  cutting/trenching/backfill/compaction _ 

concrete  patch _ Lf. _ 

Remove/replace  well  boxes _ each 

Soil  disposal  (clean) _ c.y. 

Soil  disposal  (contaminated,  NOT  hazardous)  c.y. 

Electrical  subcontractor _ l.s. 

Contingency  _ l.s. 

SUBTOTAL  OPTION  1  -  SYSTEM  INSTALLATION 


$8,000 

10% 


$20,000 

$0 

$320 

$1,000 

$8,000 

$5,468 

$60,148 


O&M  cost  per  year 

year 

System  monitoring  (2hr/mo) 

hour 

70 

24 

$1,680 

annual  testing/monitoring 

hour 

70 

24 

$1,680 

Blower  power  (2hp  x  0.746  kw/hp) 

kw-hr 

0.1 

8760 

$876 

Present  Worth  of  O&M  (7  years) 


7  years  (P/A)7/o  =  5.39 


$22,832 


Confirmation  Soil  Sampling  and  Reporting 

Cost  per  Event 

$20,000 

| 

P/A  i=7%,  n=7 

2005 

$12,455 

$12,455 

Page  2 
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Total  Alternative  2  ;  Installation  and  O&M 

$95,435 

and  final  sampling/reporting 
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LTM  Cost  Estimate-Alternative  3 
Homestead  ARB  Site  SS-15A 
731298.04 

Author:  JRH 
Date:  3/17/98 
Checked  by: 

Date: 


Summary  of  Capital  and  Present  Worth  Costs 
Monitoring  Costs 

Annua!  Monitoring  of  7  wells,  1998-2001,  Apron  Lines  AP26  and  AP27 


plus  annual  monitoring  for  2  additional  years  to  confirm 

Cost  per  Event 

$11,225 

P/A  i=7%,  n=1 

1998 

$10,491 

P/A  i=7%,  n=2 

1999 

$9,804 

P/A  i=7%,  n=3 

2000 

$9,163 

P/A  i=7%,  n=4 

2001 

$8,563 

P/A  i=7%,  n=5 

2002 

$8,003 

P/A  i=7%,  n=6 

2003 

$7,480 

Total  Present  Worth  Cost 

Biennial  Monitoring  of  5  wells,  1998-2002,  Other  Apron 

Lines 

Cost  per  Event 

$7,181 

P/A  i=7%,  n=1 

1998 

$6,711 

P/A  i=7%,  n=3 

2000 

$5,862 

P/A  i=7%,  n=5 

2002 

$5,120 

Total  Present  Worth  Cost 

Biennial  Monitoring  of  5  wells,  2004-2008,  Other  Apron 

Lines 

Cost  per  Event 

$10,000 

P/A  i=7%,  n=7 

2004 

$6,227 

P/A  i=7%,  n=9 

2006 

$5,439 

P/A  i=7%,  n=11 

2008 

$4,751 

Total  Present  Worth  Cost 

Site  Management  every  year  (6  years) 

Annual  Cost 

$6,000 

P/A  i=7%  n=6  PWF  =  4.76653966 

Present  Worth  Cost 


Soil  Excavation  and  Treatment  (separate  spreadsheet) 
Groundwater  Extraction  and  Treatment 


Total  Capital  and  Present  Worth  Costs  of  LTM  Program 


$53,504 

$17,693 

$16,418 

$28,599 

$46,790 

$32,650 

$195,654 
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COST  ESTIMATE  FOR  ALTERNATIVE  3  -  HOT  SPOT  EXCAVATION/DEWATERING 


ITEM  I  | UNIT  I#  UNITS  UNIT  COST  |  TOTAL 


Procurement  | _  HR  50  $  60.00  $  3,000.00 

Saw  Cut  Asphalt _ LF _ 240  $  2.25 _ $  540.00 

Remove/Dispose  Asphalt/Concrete  SF  1800  $  4.00  $  7,200.00 

Soil  Excavation  1  CY _ 500  $  2.50 _ $  1,250.00 

Soil  Transport/Thermal  Treatment  CY _ 500 _ $35 _ $  17,500.00 

Soil  Sampling  EA  _ 6  $  300.00 _ $  1,800.00 

Compacted  Backfill _ CY _ 500  $  6.00 _ $  3,000.00 

Install  4"  Monitoring  Well _ EA _ 2  $  750.00 _ $  1,500.00 

Asphalt  Replacement  (6") _ SY _ 200  $  40.00 _ $  8,000.00 

Engineering  Oversight  HR  60  $  50.00 _ $  3,000.00 


Total  Soil  Removal/Treatment  $  46,790.00 


Groundwater  Dewatering  Pumps  EA _ 1  $  950.00 _ $  950.00 

Pretreatment  Unit  Lease _ MONTH _ 1  $  5,000.00 _ $  5,000.00 

Carbon  Canisters  (5001b)  _ EA _ 2  $  3,000,00 _ $  6,000.00 

Freight  |  _ lump _ 1  $1,000 _ $  1,000.00 

Temporary  Electrical _ lump _ 1  $2,000 _ $  2,000,00 

Controls  for  GW  Treatment  lump _ 1  $  3,000.00 _ $  3,000.00 

Temporary  4"  PVC  Piping  I  LF _ 500  $  3.00 _ $  1,500.00 

Water  Samples  EA  8  $  250.00 _ $  2,000.00 

System  Setup/Demob _ jjR _ 80  $  50.00 _ $  4,000.00 

Four  Weeks  Operation  _ HR _ 160  $  45.00 _ $  7,200.00 


Total  GW  Dewatering  |  |  |  |  |  |  $  32,650.00 


TOTAL  ALTERNATIVE  CAPITAL  COSTS  $  79,440.00 
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SECTION  1 

INTRODUCTION  AND  DATA  QUALITY  OBJECTIVES 


1.1  INTRODUCTION 

The  purpose  of  this  site-specific  sampling  and  analysis  plan  (SAP)  is  to  describe  the 
procedures  to  be  followed  when  collecting  data  in  support  of  implementing  the  selected 
remedial  alternative,  including  the  long-term  monitoring  plan  (LTMP),  which  will  be 
completed  as  a  part  of  the  Corrective  Action  Plan  (CAP)  for  the  risk-based  remediation 
of  Site  SS-15A  at  Homestead  Air  Reserve  Base  (ARB),  Florida.  Details  on  analytical 
requirements,  desired  quantitation  and  detection  limits,  and  sampling  locations  are 
identified  within  Section  10  of  the  CAP.  Specific  quality  assurance  (QA)  sampling 
requirements  for  the  SS-15A  site  are  summarized  herein  as  part  of  the  site-specific 
sampling  procedures.  These  additional  samples  will  be  used  to  determine  the  precision, 
accuracy,  completeness,  and  representativeness  of  the  final  data  set. 

The  remainder  of  Section  1  discusses  data  quality  objectives.  Soil  sampling 
procedures  are  described  in  Section  2  and  groundwater  sampling  procedures  are 
described  in  Section  3.  Field  quality  assurance/quality  control  (QA/QC)  samples  are 
described  in  Section  4.  Section  5  describes  field  data  reduction,  validation,  and 
reporting;  Section  6  presents  analytical  procedures  for  groundwater  sampling. 
References  used  in  this  SAP  are  listed  in  Section  7. 

1.2  DATA  QUALITY  OBJECTIVES 

The  objectives  of  collecting  and  analyzing  environmental  samples  are  1)  to  obtain  the 
data  needed  to  evaluate  the  effectiveness  Of  the  implemented  remedial  approach, 
excavation  of  excessively  contaminated  soil  and  the  natural  attenuation  of  groundwater; 
and  2)  to  establish  when  site-specific  remediation  goals  that  minimize  or  eliminate  risk 
potential  to  receptors  and  limit  offsite  migration  of  site-related  contamination  are 
achieved.  This  section  has  been  developed  for  use  in  conjunction  with  sampling 
activities  to  be  undertaken  at  Site  SS-15A  and  describes  the  QA/QC  procedures  and 
protocols  that  will  be  used  during  sample  analysis.  This  section  will  serve  as  a 
controlling  mechanism  during  implementation  of  the  preferred  remedial  alternative  to 
ensure  that  a  sufficient  quantity  of  data  is  collected  and  that  all  data  collected  are  valid, 
reliable,  and  defensible. 
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1.3  ANALYTICAL  DATA  QUALITY  LEVELS 


Data  quality  objectives  (DQOs)  for  the  analyses  described  herein  are  defined  in  the 
interim  final  guidance,  Data  Quality  Objectives  Process  for  Superfund  (USEPA,  1993). 
The  analytical  levels  for  this  project’s  DQOs  will  conform  to  the  two  USEPA-defined 
categories  of  data.  These  data  categories  are  defined  below  (USEPA,  1993): 

Screening  Data  with  Definitive  Confirmation  -  Screening  data  are  generated  by 
rapid,  less  precise  methods  of  analysis  with  less  rigorous  sample  preparation.  Sample 
preparation  steps  may  be  restricted  to  simple  procedures  such  as  dilution  with  a  solvent, 
instead  of  elaborate  extraction/digestion  and  cleanup.  Screening  data  provide  analyte 
identification  and  quantification,  although  the  quantification  may  be  relatively 
imprecise.  At  least  10  percent  of  the  screening  data  are  confirmed  using  analytical 
methods,  QA/QC  procedures,  and  QC  criteria  associated  with  definitive  data. 
Screening  data  without  associated  confirmation  data  are  not  considered  to  be  data  of 
known  quality.  Results  of  field  laboratory  analyses  conducted  at  the  site  will  be 
considered  screening-category  data. 

Definitive  Data  -  Definitive  data  are  generated  using  rigorous  analytical  methods, 
such  as  approved  USEPA  reference  methods.  Data  are  analyte-specific,  with 
confirmation  of  analyte  identity  and  concentration.  Methods  produce  tangible  raw  data 
(e.g.,  chromatograms,  spectra,  digital  values)  in  the  form  of  hard-copy  printouts  or 
computer-generated  electronic  files.  Data  may  be  generated  at  the  site  or  at  an  off-site 
location,  as  long  as  the  QA/QC  requirements  are  satisfied.  For  the  data  to  be 
definitive,  either  analytical  or  total  measurement  error  must  be  determined.  Results  of 
fixed-based  laboratory  analyses  of  samples  collected  at  the  site  will  be  considered 
definitive  data. 

During  the  AFCEE  risk-based  remediation  program,  the  following  data  quality 
levels  will  be  used  as  indicated: 

•  Screening  analyses  with  definitive  confirmation  will  be  used  for  the  air  screening 
in  worker  breathing  zones  for  health  and  safety  purposes.  This  category  may  also 
be  used  to  screen  samples  to  select  portions  for  further  analysis.  For  example, 
soil  gas  or  sample  headspace  may  be  screened  to  determine  if  laboratory  analyses 
are  required. 

•  Definitive  analyses  will  be  used  to  satisfy  the  requirements  for  long-term 
groundwater  monitoring,  soil  excavation,  and  decision  document  preparation. 
USEPA  Level  III  data  from  previous  site  investigations  will  be  combined  with 
newly  acquired  definitive  data  to  evaluate  the  effectiveness  of  the  selected 
remedial  alternative  and  to  determine  when  the  cleanup  goals  have  been  achieved. 

An  effective  QA  program  addresses  DQOs  for  both  field  sampling  and  laboratory 
methodologies.  The  contractor's  field  QA  efforts  will  focus  on  assuring  that  samples 
are  representative  of  the  conditions  in  the  various  environmental  media  at  the  time  of 
sampling.  Fixed-based  laboratory  QA  efforts  will  be  aimed  primarily  at  assuring  that 
analytical  procedures  provide  sufficient  accuracy  and  precision  to  reliably  quantify 
contaminant  levels  in  environmental  samples.  The  contract  laboratory  also  will  ensure 
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that  analyzed  portions  are  representative  of  each  sample,  and  that  the  results  obtained 
from  analysis  of  each  sample  are  comparable  to  those  obtained  from  analysis  of  other 
similar  samples. 

1.4  DATA  QUALITY  ASSESSMENT  CRITERIA 

Data  assessment  criteria  will  be  used  to  evaluate  the  quality  of  both  the  field 
sampling  and  screening  methods  and  laboratory  performance  for  the  project,  and  are 
expressed  in  terms  of  analytical  precision,  accuracy,  representativeness,  completeness, 
and  comparability.  Procedures  used  to  assess  data  accuracy  and  precision  are  in 
accordance  with  Guidelines  Establishing  Test  Procedures  for  the  Analyses  of  Pollutants, 
Appendix  III,  "Example  Quality  Assurance  and  Quality  Control  Procedures  for  Organic 
Priority  Pollutants"  (40  CFR  136),  and  the  respective  analytical  methods  from  the 
USEPA  (1995)  Test  Methods  for  Evaluating  Solid  Waste:  Physical /Chemical  Methods, 
SW-846. 

1.4.1  Precision 

Precision  is  the  measure  of  variability  among  individual  sample  measurements  under 
prescribed  conditions.  The  results  of  laboratory  control  samples  (LCS)  demonstrate  the 
precision  of  the  methods.  When  the  LCS  results  meet  the  accuracy  criteria,  (USEPA, 
1995)  results  are  believed  to  be  precise.  This  is  based  on  the  LCS  being  within  control 
limits  in  comparison  to  LCS  results  from  previous  analytical  batches  of  similar  methods 
and  matrices.  The  relative  percent  difference  (RPD)  of  field  duplicate,  laboratory 
sample  duplicate,  and  matrix  spike/matrix  spike  duplicates  (MS/MSD)  results 
demonstrate  the  precision  of  the  sample  matrix.  Precision  will  be  expressed  in  terms  of 
RPD  between  the  values  resulting  from  duplicate  analyses.  RPD  is  calculated  as 


follows: 

RPD  =  [(xl  -  x2)/X][100] 

where: 

xl 

=  analyte  concentration  in  the  primary  sample 

x2 

=  analyte  concentration  in  the  duplicate  sample 

X 

=  average  analyte  concentration  in  the  primary  and  the 

duplicate  sample. 

Acceptable  levels  of  precision  will  vary  according  to  the  sample  matrix,  the  specific 
analytical  method,  and  the  analytical  concentration  relative  to  the  method  detection  limit 
(MDL).  For  field  duplicate  samples,  the  target  RPDs  are  £  35  percent  for  soil  and 

water  samples.  Precision  criteria  for  the  laboratory  QC  samples  are  defined  by  limits 
listed  in  Table  1.1.  An  RPD  within  the  control  limit  indicates  satisfactory  precision  in 
a  measurement  system. 
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TABLE  1.1 

QCa/  ACCEPTANCE  CRITERIA 
RISK-BASED  APPROACH  TO  REMEDIATION 


Parameter/Method 

Analyte 

Accuracy 

Water 

(%R)b/ 

Precision 

Water 

(RPD)C/ 

Accuracy 

SoU 

(%R) 

Precision 

SoU 

(RPD) 

Aromatic  Volatile 

1 ,2-Dichlorobenzene 

61-134 

<20 

51-134 

<30 

Organic  Compounds 

SW5030A/SW8021B 

1 ,3-Dichlorobenzene 

63-137 

<20 

<30 

(Wd/,  Se/ ) 

1 ,4-Dichlorobenzene 

66-135 

<20 

1 

<30 

Benzene 

75-125 

<:  20 

65-125 

<30 

Chlorobenzene 

75-129 

<20 

65-129 

<30 

Ethylbenzene 

71-129 

<20 

61-129 

<30 

Toluene 

70-125 

<20 

60-125 

<30 

Vinyl  Chloride 

47-142 

<20 

37-142 

<30 

Xylenes,  total 

71-133 

<20 

61-133 

<30 

Surrogates: 

1 ,4-Dichlorobutane 

35-135 

NAf/ 

35-135 

NA 

Bromochlorobenzene 

46-136 

NA 

36-146 

NA 

Volatile  Organic 

1 ,2-Dichlorobenzene 

75-125 

<20 

65-135 

<30 

Compounds 

SW5030A/SW8260B 

1 ,3-Dichlorobenzene 

75-125 

<20 

65-135 

<30 

(W",  Sf ) 

1 ,4-Dichlorobenzene 

75-125 

<20 

65-135 

<30 

Benzene 

75-125 

<20 

65-135 

<30 

Chlorobenzene 

75-125 

<20 

65-135 

<30 

Ethylbenzene 

75-125 

<20 

65-135 

<30 

Toluene 

74-125 

<20 

64-135 

^  30 

Vinyl  Chloride 

46-134 

<20 

36-144 

<30 

p/m  xylenes 

75-125 

<20 

65-135 

<30 

o-xylenes 

75-125 

^  20 

65-135 

<30 

Surrogates: 

Dibromofluoromethane 

75-125 

NA 

65-135 

NA 

Toluene-D8 

75-125 

NA 

65-135 

NA 

4-Bromofluorobenzene 

75-125 

NA 

65-135 

NA 

1 ,2-DCA-D4 

62-139 

NA 

52-149 

NA 

Methane 

Methane 

70-130 

<20 

NA 

NA 

RSK-175 

Ethane 

70-130 

<20 

NA 

NA 

(W) 

Ethene 

70-130 

<20 

NA 

NA 

Polynuclear 

1  -Methy  lnaphthalene 

25-150 

<30 

25-160 

<50 

Aromatic 

Hydrocarbons 

2-Methylnaphthalene 

25-150 

<30 

25-160 

<50 

SW3510B/SW8310 

Acenaphthalene 

49-125 

<30 

39-135 

<50 

(W) 

SW2550A/SW83 10 

Acenaphthene 

43-130 

£  30 

33-140 

<50 

(S) 

Anthracene 

54-125 

<30 

44-135 

<50 
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Parameter/Method 


Polynuclear 

Aromatic 

Hydrocarbons 

(Cont) 


Common  Anions 
SW9060 


Analyte 


Benzo  (a)  Anthracene 
Benzo  (a)  Pyrene 

Benzo  (b)  Fluoranthene 

Benzo  (g,h,i)  Perylene 
Benzo  (k)  Fluoranthene 
Chrysene 

Dibenzo  (a,h)  Anthracene 

Fluoranthene 

Fluorene 

Indeno  (l,2,3-c,d)  Pyrene 

Naphthalene 

Phenanthrene 

Pyrene 

Surrogates: 

Terphenyl-D14 


Bromide 

Chloride 

Fluoride 

Nitrate 

Nitrite 

Phosphate 

Sulfate 


Accuracy 
Water 
(%  R) b/ 


39-135 

52- 125 

31-137 

53- 125 
60-129 
59-134 

51- 125 

42- 125 
53-125 
55-125 

43- 125 

52- 129 
55-125 

25-157 


86-112 

91-111 

86- 114 
90-110 
88-116 

87- 110 

88- 115 


80-120 


Precision 

Water 

(RPD)C/ 


Accuracy 

Soil 

(%R) 


E353.1  Nitrogen,  nitrate/nitrite  80-120 

EPA  Method  TO-13  Benzene 
for  Soil  Gas  Volatile 
Organics 

Toluene 

Ethylbenzene 

m,p-Xylene 

0-Xylene 

Total  Volatile 

_ Hydrocarbons  _ 

Criteria:  Sample,  QC  sample  and  blank  I.S.  area  must  be 
checks  I.S.  area.  Retention  Time  (R.T.)  must  be  within 
check's  R.T. 

SOURCE:  AFCEE  QAPP,  Version  2.0,  January  1997 

*  QC  =  Quality  Control 

b/  %R  =  Percent  Recovery 

c/  RPD  =  Relative  percent  difference 

d/  W  =  Water 

e/  S  =  Soil 

f/  NA  =  Not  Applicable 


91-111 

86- 114 
90-110 
88-116 

87- 110 

88- 115 


80-120 

70-130 


70-130 

70-130 

70-130 

70-130 

NA 


:  within  ±40%  of  the  calibration 
±0.5  minutes  of  the  calibration 


31  QC 
b/  %R 
c/  RPD 
d/W 

e/  g 

f/  NA 
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1.4.2  Accuracy 

Accuracy  is  a  measure  of  the  closeness  of  a  reported  concentration  to  the  true  value. 
Accuracy  is  expressed  as  a  bias  (high  or  low)  and  is  determined  by  calculating  percent 
recovery  (%R)  from  MS/MSDs,  LCSs,  and  surrogate  spikes.  MS/MSD  and  surrogate 
spike  %Rs  indicate  accuracy  relevant  to  a  unique  sample  matrix.  LCS  %Rs  indicate 
accuracy  relevant  to  an  analytical  batch  lot,  and  are  strictly  a  measure  of  analytical 
accuracy  conditions  independent  of  samples  and  matrices.  The  %R  of  an  analyte,  and 
the  resulting  degree  of  accuracy  expected  for  the  analysis  of  QC  spiked  samples,  are 
dependent  upon  the  sample  matrix,  method  of  analysis,  and  the  compound  or  element 
being  measured.  The  concentration  of  the  analyte  relative  to  the  detection  limit  of  the 
method  also  is  a  major  factor  in  determining  the  accuracy  of  the  measurement. 

Accuracy  is  expressed  as  %R  and  is  calculated  as  follows: 

%R  =  [(A-B)/C]  x  100 


where: 

A  =  spiked  sample  concentration 

B  =  measured  sample  concentration  (without  spike) 

C  =  concentration  of  spike  added. 

Accuracy  criteria  for  the  laboratory  are  defined  by  control  limits  listed  in  Table  1.1. 

1.4.3  Completeness 

Completeness  is  defined  as  the  percentage  of  laboratory  measurements  judged  to  be 
valid  on  a  method-by-method  basis.  Valid  data  are  defined  as  all  data  and/or  qualified 
data  considered  to  meet  the  DQOs  for  this  project.  Data  completeness  is  expressed  as 
percent  complete  (PC)  and  should  be  ^  90  percent.  The  goal  for  meeting  analytical 
holding  times  is  100  percent.  At  the  end  of  each  sampling  event,  the  completeness  of 
the  data  will  be  assessed.  If  any  data  omissions  are  apparent,  the  parameter  in  question 
will  be  resampled  and/or  reanalyzed,  if  feasible.  The  laboratory  results  will  be 
monitored  as  they  become  available  to  assess  laboratory  performance  and  its  effect  on 
data  completeness  requirements.  When  appropriate,  additional  samples  will  be 
collected  to  ensure  that  laboratory  performance  meets  PC  requirements. 
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PC  is  calculated  as  follows: 


pc  =—xm 

N, 


Where: 


Na  =  Actual  number  of  valid  analytical  results  obtained 

Ni  =  Theoretical  number  of  results  obtainable  under  ideal  conditions. 

1.4.4  Comparability 

Comparability  expresses  the  confidence  with  which  data  from  one  sample,  sampling 
round,  site,  laboratory,  or  project  can  be  compared  to  those  from  another. 
Comparability  during  sampling  is  dependent  upon  sampling  program  design  and  time 
periods.  Comparability  during  analysis  is  dependent  upon  analytical  methods,  detection 
limits,  laboratories,  units  of  measure,  and  sample  preparation  procedures. 

Comparability  is  determined  on  a  qualitative  rather  than  quantitative  basis.  For  this 
project,  comparability  of  all  data  collected  will  be  ensured  by  adherence  to  standard 
sample  collection  procedures,  standard  field  measurement  procedures,  and  standard 
reporting  methods,  including  consistent  units.  For  example,  concentrations  will  be 
reported  in  a  manner  consistent  with  general  industry  practice  (e.g.,  soil  data  will  be 
reported  on  a  dry-weight  basis). 

In  addition,  to  support  the  comparability  of  fixed-base  laboratory  analytical  results 
with  those  obtained  in  previous  or  future  testing,  all  samples  will  be  analyzed  by 
USEPA-approved  methods,  where  available.  The  USEPA-recommended  maximum 
permissible  holding  times  for  organic  and  inorganic  parameters  will  not  be  exceeded. 
All  analytical  standards  will  be  traceable  to  standard  reference  materials.  Instrument 
calibrations  will  be  performed  in  accordance  with  USEPA  method  specifications,  and 
will  be  checked  at  the  frequency  specified  for  the  methods.  The  results  of  these 
analyses  can  then  be  compared  with  analyses  by  other  laboratories  and/or  with  analyses 
for  other  sites  addressed  by  this  site  investigation. 

1.4.5  Representativeness 

Representativeness  expresses  the  extent  to  which  collected  data  define  site 
contamination.  Where  appropriate,  sample  results  will  be  statistically  characterized  to 
determine  the  degree  to  which  the  data  accurately  and  precisely  represent  a 
characteristic  of  a  population,  parameter  variation  at  a  sampling  point,  a  process,  or  an 
environmental  condition. 

Sample  collection,  handling,  and  analytical  procedures  will  strive  to  obtain  the  most 
representative  sample  possible.  Representative  samples  will  be  achieved  by  the 
following: 
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•  Collection  of  samples  from  locations  fully  representing  site  conditions; 

•  Use  of  appropriate  sampling  procedures,  including  equipment  and  equipment 
decontamination; 

•  Use  of  appropriate  analytical  methods  for  the  required  parameters  and  project 
reporting  limits;  and 

•  Analysis  of  samples  within  the  required  holding  times. 

Sample  representativeness  also  is  affected  by  the  portion  of  each  collected  sample 
that  is  chosen  for  analysis.  The  laboratory  will  adequately  homogenize  all  samples  prior 
to  taking  aliquots  for  analysis  to  ensure  that  the  reported  results  are  representative  of 
the  sample  received.  Because  many  homogenization  techniques  may  cause  loss  of 
contaminants  through  volatilization,  homogenization  for  all  volatile  organic  compound 
(VOC)  method  analyses  will  be  performed  with  extreme  care  to  minimize  these  risks. 
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SECTION  2 

SOIL  SAMPLING 


2.1  INTRODUCTION 

Soil  sampling  will  be  performed  during  soil  excavation  to  confirm  that  all 
excessively  contaminated  soil  has  been  removed.  The  following  sections  describe  soil 
sample  collection,  procedures  for  equipment  decontamination,  and  surveying 
procedures  to  be  used  as  part  of  the  soil  sampling  field  effort. 

2.2  SOIL  SAMPLING  PROCEDURES 
2.2.1  Soil  Sampling 

Soil  sampling  from  excavation  sidewalls  will  be  accomplished  using  hand  tools.  A 
minimum  of  four  soil  samples,  one  from  each  of  the  four  sidewalls,  will  be  collected 
from  each  excavation.  The  exact  location  for  each  sample  will  be  determined  based  on 
observations  of  possible  contamination  (i.e.  staining,  odor,  or  field  screening),  or  in  the 
absence  of  indicators  of  contamination,  from  the  mid-point  of  the  sidewall  at  a  depth 
immediately  above  the  groundwater  surface.  Samples  for  field  screening  and  laboratory 
analysis  will  be  collected  from  the  excavation  sidewalls  using  a  decontaminated 
stainless-steel  trowel  or  other  appropriate  tools.  Samples  will  be  immediately  placed 
into  laboratory-supplied  jars  for  laboratory  submittal.  Another  portion  of  each  sample 
will  be  placed  into  a  self-sealing  plastic  bag  or  clean  glass  jar  covered  with  aluminum 
foil  and  a  screw-on  cap  for  field  headspace  screening.  Samples  for  headspace  screening 
will  be  allowed  to  equilibrate  for  approximately  10  minutes,  then  screened  for  organic 
vapors  using  a  PID.  Field  screening  results  will  be  used  to  select  samples  for 
laboratory  analysis  and  to  determine  the  vertical  and  horizontal  extent  of  contamination. 
All  samples  will  be  examined  for  evidence  of  contamination,  and  soil  types  will  be 
described  and  classified  according  to  the  Unified  Soil  Classification  System. 

All  sampling  equipment  will  be  decontaminated  prior  to  use  and  between  uses,  as 
described  in  Section  2.6.  If  subsurface  conditions  are  such  that  the  planned  sampling 
technique  does  not  produce  acceptable  results  another  technique  deemed  more 
appropriate  to  the  type  of  soils  or  limestone  present  will  be  used.  Any  alternate  soil 
sampling  procedure  used  must  be  approved  by  the  Parsons  ES  site  manager  and  will  be 
appropriate  for  the  subsurface  lithologies  present  at  the  site. 

The  Parsons  ES  field  hydrogeologist  will  be  responsible  for  observing  all  sampling 
activities,  maintaining  a  detailed  log  of  the  target  sample  location  and  depth,  and 
properly  labeling  and  storing  samples. 
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All  sampling  activity  will  be  recorded  in  a  bound,  sequentially  numbered,  field 
book.  The  sampling  description  will  include: 

•  Sample  location  and  depth; 

•  Presence  or  absence  of  contamination  (e.g.,  staining,  odor  or  elevated  headspace 
screening  readings); 

•  Soil  or  rock  description  of  the  target  sampling  interval,  including  color,  major 
textural  constituents,  minor  constituents,  porosity,  relative  moisture  content, 
plasticity  of  fines,  cohesiveness,  grain  size,  structure  or  stratification,  relative 
permeability,  and  any  other  significant  observations;  and 

•  The  depth  of  lithologic  contacts  and/or  significant  textural  changes,  measured  and 
recorded  to  the  nearest  0.1  foot  (1  inch)  if  present  within  the  target  interval. 

2.3  SAMPLE  HANDLING 

This  section  describes  the  handling  of  soil  samples  from  the  time  of  sampling  until 
the  samples  arrive  at  the  laboratory. 

2.3.1  Sample  Containers  and  Labels 

New,  laboratory-cleaned  glass  jars  will  be  provided  by  the  laboratory.  The  sample 
label  will  be  firmly  attached  to  the  sample  jar  immediately  after  sample  collection,  and 
the  following  information  will  be  legibly  and  indelibly  written  on  the  label: 

•  Facility  name; 

•  Sample  identification; 

•  Sample  depth; 

•  Sample  location; 

•  Sampling  date; 

•  Sampling  time;  and 

•  Sample  collector's  initials. 

2.3.2  Sample  Preservation 

Samples  will  be  properly  prepared  for  transportation  to  the  laboratory  by  placing  the 
samples  in  an  adequately  padded  cooler  containing  ice  to  maintain  an  approximate 
shipping  temperature  of  4  degrees  centigrade  (°C). 
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2.3.3  Sample  Shipment 

After  the  samples  are  sealed  and  labeled,  they  will  be  packaged  for  transport  to  the 
analytical  laboratory.  Samples  will  be  shipped  priority  overnight  via  Federal  Express®. 
The  following  packaging  and  labeling  procedures  will  be  followed: 

•  Package  sample  so  that  it  will  not  leak,  spill,  or  vaporize  from  its  container; 

•  Label  shipping  container  with: 

Sample  collector's  name,  address,  and  telephone  number; 

Laboratory's  name,  address,  and  telephone  number; 

Description  of  sample; 

Quantity  of  sample;  and 

Date  of  shipment. 

The  packaged  samples  will  be  delivered  to  the  laboratory  as  soon  as  possible  after 
sample  acquisition,  and  in  accordance  with  analytical  method-specific  holding  times. 

2.3.4  Chain-of-Custody  Control 

After  the  samples  have  been  collected,  chain-of-custody  procedures  will  be  followed 
to  establish  a  written  record  of  sample  handling  and  movement  between  the  sampling 
site  and  the  laboratory.  Each  shipping  container  will  have  a  chain-of-custody  form 
completed  in  triplicate  by  the  sampling  personnel.  One  copy  of  this  form  will  be  kept 
by  the  sampling  team  and  the  other  two  copies  will  be  sent  to  the  laboratory.  One  of 
the  laboratory  copies  will  become  a  part  of  the  permanent  record  for  the  sample  and 
will  be  returned  with  the  sample  analytical  results.  The  chain-of-custody  will  contain 
the  following  information: 

•  Sample  identification  number; 

•  Sample  collector's  printed  name  and  signature; 

•  Date  and  time  of  collection; 

•  Place  and  address  of  collection; 

•  Sample  matrix; 

•  Analyses  requested; 

•  Signatures  of  individuals  involved  in  the  chain  of  possession;  and 

•  Inclusive  dates  of  possession. 
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The  chain-of-custody  documentation  will  be  placed  inside  the  shipping  container  so 
that  it  will  be  immediately  apparent  to  the  laboratory  personnel  receiving  the  container, 
but  will  not  be  damaged  or  lost  during  transport.  The  shipping  container  will  be  sealed 
so  that  it  will  be  obvious  if  the  seal  has  been  tampered  with  or  broken. 

2.3.5  Sampling  Records 

In  order  to  provide  complete  documentation  of  the  sampling  event,  detailed  records 
will  be  maintained  by  the  Parsons  ES  field  scientist.  At  a  minimum,  these  records  will 
include  the  following  information: 

•  Sample  location  (facility  name); 

•  Sample  identification; 

•  Sample  location  map  or  detailed  sketch; 

•  Date  and  time  of  sampling; 

•  Sampling  method; 

•  Field  observations  of 

Sample  appearance, 

Sample  odor; 1 

•  Weather  conditions; 

•  Sampler's  identification; 

•  Any  other  relevant  information. 

2.4  LABORATORY  ANALYSES 

Laboratory  analyses  will  be  performed  by  the  designated  laboratory  on  all  soil 
samples  and  the  required  QA/QC  samples  (see  Section  3.5  and  Section  5).  Soil  samples 
will  by  analyzed  by  USEPA  analytical  method  8021B  for  aromatic  volatile  organic 
compounds  (including  MTBE),  and  selected  samples  will  be  analyzed  by  USEPA 
analytical  method  8310  for  polynuclear  aromatic  hydrocarbons  (PAHs),  and  total 
recoverable  petroleum  hydrocarbons  (TRPH)  using  Method  FL-PRO.  All  containers, 
preservatives,  and  shipping  requirements  will  be  consistent  with  the  laboratory 
protocol.  Laboratory  personnel  will  specify  any  additional  QC  samples  required. 
Shipping  containers,  ice  chests  with  adequate  padding,  and  cooling  media  will  be  sent 
by  the  laboratory  to  the  site. 

2.5  QUALITY  ASSURANCE/QUALITY  CONTROL  SAMPLES 

As  a  check  on  the  quality  of  field  sampling  activities  (sampling,  containerization, 
shipment,  and  handling)  QA/QC  trip  blanks,  field  blanks,  equipment  rinseate  samples, 
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and  field  replicates  will  be  sent  to  the  laboratory.  QA/QC  sampling  will  include 
replicates  for  soil  samples  (frequency  of  10  percent),  rinseate  samples  (frequency  of  10 
percent),  and  a  trip  blank  for  each  individual  shipping  cooler  sent  to  the  analytical 
laboratory  containing  samples  for  volatile  organic  compound  (VOC)  analysis.  The 
procedures  for  the  collection  of  field  QA/QC  samples  are  discussed  in  Section  5  of  this 
SAP.  Laboratory  QA/QC  procedures  will  include  one  matrix  spike  analysis,  one 
laboratory  control  sample,  and  one  laboratory  blank  sample  test  for  each  specific 
analysis  requested. 

2.6  EQUIPMENT  DECONTAMINATION  PROCEDURES 

Only  potable  and  distilled  water  will  be  used  for  decontamination.  If  the  quality  of 
the  water  source  is  questionable,  then  a  decontamination  water  field  blank  will  be 
collected  for  laboratory  analysis.  The  procedures  for  the  collection  of  the 
decontamination  water  blank  are  described  in  Section  5.  The  Parsons  ES  field  scientist 
will  make  the  final  determination  as  to  the  suitability  of  site  water  for  these  activities. 

Prior  to  sample  collection,  and  between  each  sampling  location,  the  sampling  tools 
will  be  decontaminated.  The  decontamination  fluids  will  be  stored  in  55-gallon  DOT- 
approved  drums  for  proper  treatment  and  disposal.  The  following  decontamination 
protocol  will  be  used: 

•  Clean  with  potable  water  and  phosphate-free  laboratory  detergent  (Liquinox®  or 
equivalent); 

•  Rinse  with  potable  water; 

•  Rinse  with  distilled  or  deionized  water; 

•  Rinse  with  reagent-grade  isopropanol; 

•  Rinse  with  distilled  or  deionized  water;  and 

•  Air  dry  the  equipment  prior  to  use. 

All  decontamination  activities  will  be  conducted  in  a  manner  so  that  the  excess  water 
will  be  controlled  and  not  allowed  to  flow  into  any  open  excavation. 

2.8  SURVEY  OF  SAMPLING  LOCATIONS 

The  vertical  and  horizontal  locations  of  each  sample  will  be  located  by  Parsons  ES 
field  personnel  after  during  sampling  activities.  Horizontal  locations  will  be  measured 
relative  to  the  excavation  outline.  The  excavations  will  be  measured  relative  to  existing 
groundwater  wells  that  have  established  coordinates  (i.e.,  previously  surveyed  by  a 
register  surveyor).  Horizontal  distances  will  be  recorded  to  the  nearest  0.1  foot  by 
measuring  the  distance  from  each  borehole  to  three  established  locations  [monitoring 
wells  or  other  previously  surveyed  locations  (e.g.,  building  corners)  deemed  more 
appropriate  by  field  personnel].  These  distances  will  be  used  to  locate  each  excavation 
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and  sample  location  on  any  additional  maps  generated  as  part  of  the  risk-based 
investigation. 
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SECTION  3 

GROUNDWATER  SAMPLING 


3.1  INTRODUCTION 

This  section  describes  the  scope  of  work  required  for  collecting  groundwater 
samples  from  existing  wells.  Wells  will  be  sampled  using  a  peristaltic  pump  for 
collection  of  all  samples.  In  order  to  maintain  a  high  degree  of  QC  during  this  sampling 
event,  the  procedures  described  in  the  following  sections  will  be  followed. 

Groundwater  sampling  will  be  conducted  by  qualified  scientists  and  technicians 
trained  in  the  conduct  of  well  sampling,  records  documentation,  and  chain-of-custody 
procedures.  In  addition,  sampling  personnel  will  have  thoroughly  reviewed  the  work 
plan  and  this  site-specific  sampling  and  analysis  plan  prior  to  sample  acquisition  and 
will  have  a  copy  of  both  available  onsite  for  reference. 

Activities  that  will  occur  during  groundwater/  surface  water  sampling  are 
summarized  below: 

•  Assembly  and  preparation  of  equipment  and  supplies; 

•  Inspection  of  existing  wells,  including: 

-  Protective  cover,  cap  and  lock, 

-  External  surface  seal  and  pad, 

-  Well  stick-up,  cap,  and  datum  reference, 

-  Internal  surface  seal, 

-  Condition  of  any  dedicated  equipment,  if  present; 

•  Groundwater  sampling,  including: 

-  Water  level  measurements, 

-  Visual  inspection  of  borehole  water, 

-  Well  purging, 

-  Sampling; 
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•  Sample  preservation  and  shipment,  including: 

-  Sample  preparation  and  preservation,  as  appropriate, 

-  Onsite  measurement  of  physical  parameters, 

-  Sample  labeling, 

-  Sample  packaging  in  appropriate  shipping  containers; 

•  Completion  of  sampling  records; 

•  Completion  of  chain-of-custody  records;  and 

•  Sample  shipment  via  overnight  courier. 

Detailed  groundwater/  surface  water  sampling  and  sample  handling  procedures  are 
presented  in  following  sections. 

3.2  GROUNDWATER  SAMPLING  LOCATIONS 

Groundwater  samples  will  be  collected  from  12  existing  wells  at  Site  SS-15A.  The 
location  of  some  of  these  wells  is  shown  in  Figure  10.2  of  the  CAP. 

3.3  EQUIPMENT  DECONTAMINATION 

All  portions  of  sampling  and  test  equipment  that  will  contact  the  sample  will  be 
thoroughly  cleaned  before  each  use.  This  equipment  may  include  water-level  probe  and 
cable,  test  equipment  for  onsite  use,  and  other  equipment  or  portions  thereof  that  will 
contact  the  samples.  Based  on  the  chemical  constituents  present  at  the  SS-15A  site,  the 
following  decontamination  protocol  will  be  used: 

•  Clean  with  potable  water  and  phosphate-free  laboratory  detergent  (Liquinox®  or 
equivalent); 

•  Rinse  with  potable  water; 

•  Rinse  with  distilled  or  deionized  water; 

•  Rinse  with  reagent-grade  isopropanol; 

•  Rinse  with  distilled  or  deionized  water;  and 

•  Air  dry  the  equipment  prior  to  use. 

All  decontamination  fluids  will  be  temporarily  placed  in  55-gallon  DOT  approved 
containers  for  proper  disposal. 

Any  deviations  from  these  procedures  will  be  documented  in  the  field  scientist's 
field  notebook  and  on  the  groundwater  sampling  form.  If  pre-cleaned  dedicated 
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sampling  equipment  is  used,  the  decontamination  protocol  specified  above  will  not  be 
required.  Laboratory-supplied  sample  containers  will  be  cleaned  and  sealed  by  the 
laboratory  and  therefore  will  not  need  to  be  cleaned  in  the  field.  Equipment  field 
blanks  and  equipment  rinseate  samples  will  be  collected  to  assure  that  all  containers  and 
field  equipment  are  free  of  contamination. 

3.4  EQUIPMENT  CALIBRATION 

As  required,  field  analytical  equipment  will  be  calibrated  according  to  the 
manufacturer's  specifications  prior  to  field  use.  This  applies  to  equipment  used  for 
onsite  chemical  measurements  such  as  dissolved  oxygen,  pH,  electrical  conductivity, 
and  temperature.  Additional  details  on  the  calibration  of  field  equipment  are  presented 
in  Section  6  of  this  SAP. 

3.5  SAMPLING  PROCEDURES 

Special  care  will  be  taken  to  prevent  contamination  of  the  groundwater  and  extracted 
samples.  The  two  primary  ways  in  which  sample  contamination  can  occur  are  through 
contact  with  improperly  cleaned  equipment  and  by  cross-contamination  through 
insufficient  decontamination  of  equipment  between  wells.  To  prevent  such 
contamination,  the  peristaltic  pump  and  water  level  probe  and  cable  used  to  determine 
static  water  levels  and  total  well  depth  will  be  thoroughly  cleaned  before  and  after  field 
use  and  between  uses  at  different  sampling  locations  according  to  the  procedures 
presented  in  Section  3.3.  In  addition  to  the  use  of  properly  cleaned  equipment,  a  clean 
pair  of  new,  disposable  nitrile  gloves  will  be  worn  each  time  a  different  well  or  station 
is  sampled.  New,  clean  tubing  will  be  used  for  the  peristaltic  pump  for  each  of  the 
wells  sampled.  Plastic  will  be  placed  around  each  of  the  wells  to  be  sampled  and 
sampling  equipment  will  not  be  allowed  to  come  in  contact  with  the  ground  surface  at 
any  time  during  the  sampling  event. 

The  following  paragraphs  present  the  procedures  for  groundwater/  surface  water 
sample  acquisition  from  all  groundwater/  surface  water  sampling  locations.  These 
activities  will  be  performed  in  the  same  order  as  presented  below.  Exceptions  to  this 
procedure  will  be  noted  in  the  field  scientist's  field  notebook. 

3.5.1  Preparation  of  Location 

Prior  to  starting  the  sampling  procedure,  the  area  around  the  well  or  sampling 
location  will  be  cleared  of  foreign  materials,  such  as  brush,  rocks,  and  debris.  These 
procedures  will  prevent  sampling  equipment  from  inadvertently  contacting  debris 
around  the  monitoring  well.  New,  clean  plastic  we  be  placed  around  the  well  to 
prevent  the  contamination  of  both  the  ground  surface  and  any  equipment  that  may  come 
into  contact  with  the  ground  surface. 

3.5.2  Water  Level  and  Total  Depth  Measurements 

Prior  to  removing  any  water  from  new  monitoring  points  or  existing  wells,  the  static 
water  level  will  be  measured.  An  electrical  water  level  probe  will  be  used  to  measure 
the  depth  to  groundwater  below  the  datum  to  the  nearest  0.01  foot.  If  the  total  depth  of 


3-3 


022/73 1298/16.D0C 


the  well  is  not  known  or  is  suspected  to  be  inaccurate,  total  well  depth  will  be  measured 
by  slowly  lowering  the  water  level  probe  to  the  bottom  of  the  well.  Total  well  depth 
will  be  measured  to  the  nearest  0.01  foot.  Total  depth  will  only  be  measured  when 
absolutely  necessary  to  minimize  the  amount  of  sediment  disturbance  in  the  well. 
Based  on  water  level  and  total  depth  information,  the  volume  of  water  to  be  purged 
from  the  well  can  be  calculated. 

3.5.3  Well  Purging 

The  static  groundwater  inside  each  well  will  be  purged  using  a  peristaltic  pump.  The 
well  will  be  purged  at  a  very  low  flow  rate  [10  milliliters  per  minute  (ml/min)  to  1,000 
ml/min] .  The  objective  of  micropurging  is  to  remove  a  small  volume  of  water  at  a  low 
flow  rate  from  a  discrete  portion  of  the  screened  interval  of  the  well  without  disturbing 
stagnant  water  within  the  casing.  Therefore,  the  well  purge  rate  must  never  be  greater 
than  the  recharge  rate  of  the  well.  During  purging,  the  water  level  in  the  well  will  be 
monitored  to  ensure  that  no  drawdown  in  the  well  occurs.  The  water  level  monitoring 
will  allow  the  sampling  technician  to  control  pumping  rates  to  minimize  drawdown.  As 
long  as  no  drawdown  is  observed  during  pumping,  it  may  be  assumed  that  the  low 
pumping  rate  within  the  discrete,  screened  portion  of  the  well  has  not  pulled  stagnant 
casing  water  into  the  sample. 

The  pH,  temperature,  dissolved  oxygen,  and  specific  conductivity  will  be 
continuously  monitored  during  well  purging  using  a  flow-through  cell.  The  flow¬ 
through  cell  will  be  attached  directly  to  the  discharge  tubing  of  the  peristaltic  pump 
using  Teflon®-lined  polyethylene  tubing.  New  tubing  will  be  used  at  each  well. 
Purging  will  continue  until  the  parameters  have  stabilized  (less  than  0.2  standard  pH 
units  or  a  10-percent  change  for  the  other  parameters  over  a  5-minute  period)  and  the 
water  is  clear  and  free  of  fines.  Research  conducted  on  low-flow  micropurging  has 
found  that  dissolved  oxygen  and  specific  conductance  readings  are  the  most  useful  field 
indicator  parameters  for  stabilization  of  background  water  chemistry  during  purging 
(Barcelona,  et.  al.,  1994).  The  research  also  concluded  that  stabilization  of  dissolved 
oxygen  and  specific  conductance  shows  some  correlation  to  stabilization  of  VOC 
concentrations  in  "formation"  waters. 

All  purge  water  will  be  placed  in  DOT  approved  55-gallon  containers  and  disposed 
of  properly.  The  contractor  will  be  responsible  for  sampling,  laboratory  analysis,  and 
arranging  for  the  disposal  of  any  contaminated  or  potentially  contaminated  purge  water. 
Drums  will  be  staged  and  temporarily  stored  at  a  location  designated  by  Homestead 
ARB  personnel  onsite  until  analytical  results  are  received. 

3.5.4  Sample  Extraction 

A  peristaltic  pump  with  new  tubing  for  each  well  will  be  used  to  extract  groundwater 
samples  for  all  analysis.  Extraction  equipment  will  be  gently  lowered  into  the  water  to 
prevent  splashing.  The  sample  will  be  transferred  directly  to  the  appropriate  sample 
container.  The  water  should  be  carefully  poured  down  the  inner  walls  of  the  sample 
bottle  to  minimize  aeration  of  the  sample.  Sample  containers  for  VOC  analysis  will  be 
filled  at  approximately  200  ml/min  and  all  other  sample  collection  rates  will  not  exceed 
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400  ml/min.  Samples  will  be  collected  after  the  well  has  been  purged  using  the 
peristaltic  pump  and  after  all  field  sampling  parameters  have  been  recorded  at  the  well. 

Unless  other  instructions  are  given  by  the  analytical  laboratory,  sample  containers 
will  be  completely  filled  so  that  no  air  space  remains  in  the  container.  Excess  water 
collected  during  sampling  will  be  placed  into  the  55-gallon  containers  used  for  well 
purge  waters  and  disposed  of  at  a  licensed,  off-Base  disposal  facility. 

3.6  ONSITE  CHEMICAL  PARAMETER  MEASUREMENT 

Because  many  chemical  parameters  of  a  groundwater  sample  can  change 
significantly  within  a  short  time  following  sample  acquisition,  these  parameters  will  be 
measured  in  the  field  using  Hach®  or  CHEMetrics®  test  kits.  The  following  discussion 
describes  the  field  procedures  for  obtaining  the  onsite  chemical  parameter 
measurements.  For  information  on  individual  instrument  calibration  procedures,  please 
refer  to  the  manufacturer’s  calibration  procedure  for  the  instrument. 

Groundwater  quality  measurements  such  as  temperature,  pH,  specific  conductivity, 
dissolved  oxygen,  and  reduction/oxidation  (redox)  potential  will  be  continuously 
monitored  during  well  purging  using  a  flow-through  cell.  The  flow-through  cell  will  be 
attached  directly  to  the  discharge  tubing  of  the  peristaltic  pump  using  Teflon®-lined 
polyethylene  tubing.  A  new  piece  of  tubing  will  be  used  for  each  well.  All 
groundwater  quality  measuring  equipment  will  be  decontaminated  following  the 
procedures  described  in  Section  3.4.  The  groundwater  quality  measuring  equipment 
will  be  calibrated  between  each  well  following  the  manufacturer's  recommended 
calibration  procedures.  The  measurements  observed  immediately  before  groundwater 
sampling  begins  will  be  considered  the  final  measurements  for  the  sample,  and  will  be 
recorded  in  the  field  notebook  and  on  the  point-specific  sampling  form. 

Groundwater  quality  measurements  such  as  ferrous  iron,  sulfate,  sulfide,  and 
alkalinity  will  be  measured  in  the  field  using  HACH®  or  CHEMetrics®  field  analysis 
methods.  All  appropriate  equipment  and  glassware  associated  with  the  field  analysis  of 
groundwater  samples  will  be  decontaminated  following  the  procedures  described  in 
Section  3.4.  Groundwater  samples  for  these  measurements  will  be  collected  after  all 
sample  containers  for  laboratory  analyses  have  been  collected.  Two  250-ml  bottles  of 
groundwater  will  be  collected  and  capped  for  field  analysis.  The  field  analysis  of 
groundwater  samples  should  begin  immediately  after  collection.  Direct  sunlight, 
contact  with  air,  and  high  temperatures  may  greatly  affect  the  concentrations  of  the 
analytes  in  question.  If  possible,  analyses  will  be  run  indoors,  and  groundwater 
samples  will  be  capped  and  stored  in  a  cooler  with  a  temperature  maintained  at  4°C 
when  not  in  use.  Duplicate  analyses  will  be  run  at  a  frequency  of  25  percent,  or  one 
duplicate  sample  for  every  four  field  analyses.  One  blank  (distilled  water)  analysis  will 
be  performed  for  each  sampling  round. 

3.7  LABORATORY  SAMPLE  HANDLING 

This  section  describes  the  handling  of  samples  to  be  analyzed  by  the  fixed-based 
laboratory  from  the  time  of  sampling  until  the  samples  arrive  at  the  laboratory. 
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3.7.1  Sample  Container  and  Labels 

Sample  containers  and  appropriate  container  lids  will  be  provided  by  the  laboratory. 
The  sample  containers  will  be  filled  as  described  in  Section  3.5.4,  and  the  container  lids 
will  be  tightly  closed.  Container  lids  will  not  be  removed  at  any  time  prior  to  sample 
collection.  The  sample  label  will  be  firmly  attached  to  the  container  side,  and  the 
following  information  will  be  legibly  and  indelibly  written  on  the  label: 

•  Facility  name; 

•  Sample  identification; 

•  Sample  type  (groundwater,  surface  water,  etc.); 

•  Sampling  date; 

•  Sampling  time; 

•  Preservatives  added;  and 

•  Sample  collector's  initials. 

3.7.2  Sample  Preservation 

The  laboratory  will  add  any  necessary  chemical  preservatives  prior  to  shipping  the 
containers  to  the  site.  Samples  will  be  properly  prepared  for  transportation  to  the 
laboratory  by  placing  the  samples  in  a  cooler  containing  ice  to  maintain  a  shipping 
temperature  of  4°C. 

3.7.3  Sample  Shipment 

After  the  samples  are  sealed  and  labeled,  they  will  be  packaged  for  transport  to  a 
preapproved  laboratory.  Samples  will  be  shipped  priority  overnight  via  Federal 
Express®.  The  following  packaging  and  labeling  procedures  will  be  followed: 

•  Package  sample  so  that  it  will  not  leak,  spill,  or  vaporize  from  its  container; 

•  Label  shipping  container  with: 

-  Sample  collector's  name,  address,  and  telephone  number; 

-  Laboratory's  name,  address,  and  telephone  number; 

-  Description  of  sample; 

-  Quantity  of  sample;  and 

-  Date  of  shipment. 
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The  packaged  samples  will  be  delivered  to  the  laboratory  as  soon  as  possible  after 
sample  acquisition,  and  within  method-specific  holding  times. 

3.7.4  Chain-of-Custody  Control 

After  the  samples  have  been  collected,  chain-of-custody  procedures  will  be  followed 
as  described  in  Section  3.4.4. 

3.7.5  Sampling  Records 

In  order  to  provide  complete  documentation  of  the  sampling  event,  detailed  records 
will  be  maintained  by  the  field  hydrogeologist.  At  a  minimum,  these  records  will 
include  the  following  information: 

.  Sample  location  (facility  name); 

•  Sample  identification; 

•  Sample  location  map  or  detailed  sketch; 

•  Date  and  time  of  sampling; 

•  Sampling  method; 

•  Field  observations  of 

-  Sample  appearance, 

-  Sample  odor; 

•  Weather  conditions; 

•  Water  level  prior  to  purging; 

•  Total  well  depth; 

•  Approximate  Purge  volume; 

•  Water  level  after  purging; 

•  Well  condition; 

•  Sampler's  identification; 

•  Field  measurements  of  pH,  temperature,  and  specific  conductivity;  and 

•  Any  other  relevant  information. 
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Groundwater  sampling  activities  will  be  recorded  on  a  groundwater  sampling  form 
or  in  the  field  scientist’s  field  notebook.  Figure  3.1  shows  an  example  of  the 
groundwater  sampling  record. 

3.8  LABORATORY  ANALYSES 

Laboratory  analyses  will  be  performed  on  all  groundwater  samples  and  the  required 
QA/QC  samples  (see  Section  3.9).  The  analytical  methods  and  detection  limit 
requirements  for  this  sampling  event  are  listed  in  the  CAP.  Prior  to  sampling, 
arrangements  will  be  made  with  the  laboratory  to  provide  a  sufficient  number  of 
appropriate  sample  containers  for  the  samples  to  be  collected.  All  containers, 
preservatives,  and  shipping  requirements  will  be  consistent  with  laboratory  protocol. 

Laboratory  personnel  will  specify  any  additional  QC  samples  and  prepare  bottles  for 
all  samples.  For  samples  requiring  chemical  preservation,  preservatives  will  be  added 
to  containers  by  the  laboratory  prior  to  shipping.  Shipping  containers  with  adequate 
padding  and  cooling  media  will  be  sent  by  the  laboratory  to  the  site.  Sampling 
personnel  will  fill  the  sample  containers  and  return  the  samples  to  the  laboratory. 

3.9  QUALITY  ASSURANCE/QUALITY  CONTROL  PROCEDURES  AND 
SAMPLING 

Field  QA/QC  samples  for  groundwater/  surface  water  sampling  will  include 
collection  of  field  duplicates;  equipment  rinseate  samples,  field  blanks,  and  trip  blanks; 
decontamination  of  die  water  level  probe;  use  of  analyte-appropriate  containers;  and 
chain-of-custody  procedures  for  sample  handling  and  tracking.  All  samples  to  be 
transferred  to  the  analytical  laboratory  for  analysis  will  be  clearly  labeled  to  indicate 
sample  number,  location,  matrix  (e.g.,  groundwater/  surface  water),  and  analyses 
requested.  Samples  will  be  preserved  in  accordance  with  the  analytical  methods  to  be 
used,  and  water  sample  containers  will  be  packaged  in  coolers  with  ice  to  maintain  an 
approximate  temperature  of  4°C. 

All  field  sampling  activities  will  be  recorded  in  a  bound,  sequentially  paginated  field 
notebook  in  permanent  ink.  All  sample  collection  entries  will  include  the  date,  time, 
sample  locations  and  numbers,  notations  of  field  observations,  and  the  sampler's  name 
and  signature. 

Groundwater  QA/QC  sampling  frequency  will  be  10  percent  or  one  sample  for  every 
ten  wells/locations  sampled.  In  the  event  that  less  than  ten  wells  will  be  sampled  in  an 
event,  a  minimum  of  one  sample  will  be  collected.  This  ten  percent  frequency  also 
applies  to  equipment  rinseate  samples  and  field  duplicates.  One  decontamination  water 
sample  and  one  field  blank  will  be  collected  per  sampling  event.  One  trip  blank  will  be 
sent  with  each  sample  shipment.  The  procedures  for  the  collection  of  field  QA/QC 
samples  are  described  in  Section  5.  The  laboratory  should  plan  to  conduct  one  matrix 
spike  analysis,  one  laboratory  control  sample,  and  one  laboratory  blank  test  for  each 
specific  analysis  requested. 
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FIGURE  3.1 

GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Homestead  ARB 
Sampling  Dates  _ 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL _ 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING: _ at _ a.m./p.m. 

SAMPLE  COLLECTED  BY: _  of  Parsons  ES 

WEATHER:  _ _ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ _ 


(Identification) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ _ 

INNER  PVC  CASING  CONDITION  IS: _ _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH _ FT.  BELOW  DATUM 

Measured  with: _ — 

WATER  DEPTH _ _ _ FT.  BELOW  DATUM 

Measured  with: _ _ _ _ _ — 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: - - - - - - - 

Odor: _ — 

Other  Comments: _  _ _ — - — 

4  [  ]  WELL  EVACUATION: 

Method: _ — 

Volume  Removed: _ _ _ _ _ : - - - 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: - - - - 

Other  comments: _ _ _ . _ — — 
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FIGURE  3.1  (cont.) 

Groundwater  Sampling  Record 

Monitoring  Well  No. _ (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of:  _ _ 

[  ]  Pump,  type: _ 

[  ]  Other,  describe:  _ _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE" 

6  [  ]  ON-SITE  MEASUREMENTS: 


Time 

Measured  with 

Temp  (°C) 

pH 

Cond  (pS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method 

Method 

Method 


[  ]  Preservatives  added: 

Method. 

Method. 

Method. 

Method 


9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ 


Containers: 

Containers:. 

Containers:. 

Containers: 


Containers:. 

Containers:. 

Containers: 
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SECTION  4 


FIELD  QUALITY  ASSURANCE/QUALITY  CONTROL  SAMPLES 


As  a  check  on  field  sampling,  QA/QC  samples  will  be  collected  during  each 
sampling  event.  Definitions  for  field  QA/QC  samples  are  presented  below. 

4.1  FIELD  DUPLICATES 

A  field  duplicate  is  defined  as  two  or  more  samples  collected  independently  at  the 
same  sampling  location  during  a  single  act  of  sampling.  Soil  and  sediment  samples  are 
divided  into  two  equal  parts  (replicates)  for  analysis.  Field  duplicates  will  be 
indistinguishable  from  other  samples  by  the  laboratory.  Each  of  the  field  duplicates 
will  be  uniquely  identified  with  a  coded  identifier,  which  will  be  in  the  same  format  as 
other  sample  identifiers.  Duplicate  sample  results  are  used  to  assess  the  precision  of 
the  sample  collection  process.  Groundwater  QA/QC  sampling  frequency  for  field 
duplicate  samples  will  be  10  percent  or  one  sample  for  every  ten  wells/locations 

sampled. 

4.2  TRIP  BLANKS 

The  trip  blank  is  used  to  indicate  potential  contamination  by  VOCs  or  SVOCs  during 
sample  shipping  and  handling.  A  trip  blank  consists  of  analyte-free  laboratory  reagent 
water  in  a  40-milliliter  (ml)  glass  vial  sealed  with  a  Teflon®  septum.  The  blank 
accompanies  the  empty  sample  bottles  to  the  field  and  is  placed  in  each  cooler 
containing  water  or  soil  matrix  VOC/SVOC  samples  returning  to  the  laboratory  for 
analysis.  The  trip  blank  is  not  opened  until  analysis  in  the  laboratory  with  the 
corresponding  site  samples. 

4.3  EQUIPMENT  RINSEATE  BLANKS 

Equipment  rinseate  blanks  consist  of  distilled  water  poured  into  or  pumped  through 
the  sampling  device  following  decontamination.  The  rinseate  is  transferred  to  an 
appropriate  sample  bottle  for  the  analysis  and  transported  to  the  laboratory.  The 
equipment  rinseate  samples  are  analyzed  for  the  same  laboratory  parameters  as  the  site 
samples.  Equipment  blanks  are  used  to  measure  to  contamination  introduced  to  a 
sample  set  from  improperly  decontaminated  sampling  equipment.  Groundwater  QA/QC 
sampling  frequency  for  equipment  rinseate  samples  will  be  10  percent  or  one  sample 
for  every  ten  wells/locations  sampled. 
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4.4  DECONTAMINATION  WATER  BLANK 


A  decontamination  water  blank  is  designed  to  check  the  purity  of  potable  water  used 
for  equipment  decontamination  during  the  field  operation.  Decontamination  water 
blanks  will  be  collected  at  the  discretion  of  the  field  scientist.  If  the  decontamination 
water  is  of  questionable  purity,  then  a  blank  sample  will  be  collected.  Decontamination 
water  blanks  are  collected  by  filling  the  appropriate  sample  container  directly  from  the 
potable  water  source.  Decontamination  water  blanks  are  labeled,  preserved,  handled, 
and  shipped  in  the  same  manner  as  an  environmental  water  sample.  The  blank  will  be 
analyzed  for  the  same  analytes  and  parameters  as  the  environmental  samples. 

4.5  FIELD  BLANKS 

A  field  blank  is  designed  to  assess  the  effects  of  ambient  field  conditions  on  sample 
results.  One  field  blank  will  be  collected  during  each  sampling  event.  A  field  blank 
will  consist  of  a  sample  of  distilled  water  poured  into  a  laboratory-supplied  sample 
container  while  sampling  activities  are  underway.  The  field  blank  will  be  analyzed  for 
the  same  analytes  and  parameters  as  the  environmental  samples. 
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SECTION  5 

FIELD  DATA  REDUCTION,  VALIDATION,  AND  REPORTING 


The  following  sections  describe  field  analytical  instrumentation  calibration,  and  field 
data  reporting,  validation,  reduction,  and  review. 

5.1  CALIBRATION  PROCEDURES  AND  FREQUENCY  FOR  FIELD  TEST 
EQUIPMENT 

Instruments  and  equipment  used  to  gather,  generate,  or  measure  environmental  data 
in  the  field  will  be  calibrated  with  sufficient  frequency  and  in  such  a  manner  that 
accuracy  and  reproducibility  of  results  are  consistent  with  the  manufacturer's 
specifications.  Field  instruments  may  include  a  soil  gas  Gas  Tech  multi-gas  meter,  pH 
meter,  digital  thermometer,  O2/CO2  meter,  TVH  meter,  specific  conductivity  meter, 
dissolved  oxygen  meter,  oxidation  reduction  potential  meter,  and  Hach® 
spectrophotometer.  A  summary  of  calibration  frequency  and  acceptance  criteria  is 
presented  in  Table  5.1. 

5.2  FIELD  DATA  REDUCTION 

During  processing  of  field  data,  validation  checks  will  be  performed  by  individuals 
designated  by  the  project  manager.  The  purpose  of  these  checks  is  to  identify  outliers; 
that  is,  data  which  do  not  conform  within  two  standard  deviations  to  the  pattern 
established  by  other  observations.  The  Students  "t”  test  will  be  used  to  identify  outliers 
when  the  total  number  of  samples  is  less  than  3 1 ,  and  the  normal  distribution  will  be  used 
to  identify  others  when  the  total  number  of  samples  is  greater  than  31.  Although  outliers 
may  be  the  result  of  transcription  errors  or  instrument  breakdowns,  they  may  also  be 
manifestations  of  a  greater  degree  of  spatial  or  temporal  variability  than  expected. 
Therefore,  after  an  outlier  has  been  identified,  a  decision  must  be  made  concerning  its 
further  use.  Obvious  mistakes  in  data  will  be  corrected  when  possible,  and  the  corrected 
values  will  be  inserted.  If  the  correct  value  cannot  be  obtained,  the  datum  may  be 
excluded.  An  attempt  will  be  made  to  explain  the  existence  of  the  outlier.  If  no  plausible 
explanation  can  be  found  for  the  outlier,  it  may  be  excluded,  and  a  note  to  that  effect  will 
be  included  in  the  report.  Also,  an  attempt  will  be  made  to  determine  the  effect  of  the 
outlier  both  when  included  in  and  when  excluded  from  the  data  set,  and  the  results  will  be 
discussed  in  the  report.  In  addition,  the  data  will  be  compared  against  those  obtained  in 
previous  investigations  (where  available)  and  against  applicable  standards  and  guidelines. 

5.3  REVIEW  OF  FIELD  RECORDS 

All  field  records  are  evaluated  for  the  following: 
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FIELD  SCREENING  METHODS  ANALYTICAL  PROTOCOL 
SUMMARY  OF  QC^  PROCEDURES 

RISK-BASED  APPROACH  TO  REMEDIATION 
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TABLE  5.1  (Continued) 

FIELD  SCREENING  METHODS  ANALYTICAL  PROTOCOL 


Reporting 

Limit 

0.01  mg/L 

< 

£ 

Corrective 

Action  b/ 

Correct  problem  by 
checking  meter,  standard 
solutions,  and  optical  cell; 
replace  if  necessary;  repeat 
calibration  check 

Correct  problem,  repeat 
measurement 

Correct  problem  by 
checking  meter,  standard 
solutions,  and  optical  cell; 
replace  if  necessary;  repeat 
calibration  check 

Correct  problem  by 
checking  meter,  standard 
solutions,  and  optical  cell; 
replace  if  necessary;  repeat 
calibration  check 

Correct  problem,  repeat 
measurement 

Correct  problem  by 
checking  meter,  standard 
solutions,  and  optical  cell; 
replace  if  necessary;  repeat 
calibration  check 

Correct  problem  by 
checking  meter,  standard 
solutions,  and  optical  cell; 
replace  if  necessary;  repeat 
calibration  check 

Correct  problem,  repeat 
measurement 

Acceptance 

Criteria 

±  50  % 

±  10  % 

+  50  % 

±  50  % 

±  10  % 

±  50  % 

±  50  % 

Vp 

o 

+1 

Minimum  Frequency 

Once  per  day 

10%  of  field  samples 

Once  per  day  at  beginning  of 
testing 

Once  per  day 

10%  of  field  samples 

Once  per  day  at  beginning  of 
testing 

Once  per  day 

10%  of  field  samples 

QC  Check 

Accuracy  check,  (3  concentration  points) 

Field  duplicate 

Calibration  check  with  one  standard 

Accuracy  check,  (3  concentration  points) 

Field  duplicate 

Calibration  check  with  one  standard 

Accuracy  check,  (3  concentration  points) 

Field  duplicate 

Applicable 

Parameter 

tH 

T 

o 

£ 

3 

00 

in 

'w' 

5 

*3 

00 

z 

i 

© 

43 

X 
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TABLE  5.1  (Continued) 

FIELD  SCREENING  METHODS  ANALYTICAL  PROTOCOL 
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mg/L  -  milligrams  per  liter. 

RPD  =  relative  percent  difference. 

NA  =  not  applicable. 


Completeness  of  field  records.  The  check  of  field  record  completeness  will  ensure 
that  all  requirements  for  field  activities  have  been  fulfilled,  complete  records  exist  for 
each  field  activity,  and  that  the  procedures  specified  in  the  SAP  (or  approved  as  field 
change  requests)  were  implemented.  Field  documentation  will  ensure  sample  integrity 
and  provide  sufficient  technical  information  to  recreate  each  field  event.  The  results  of 
the  completeness  check  will  be  documented,  and  environmental  data  affected  by 
incomplete  records  will  be  identified  in  the  technical  report. 

Identification  of  valid  samples.  The  identification  of  valid  samples  involves 
interpretation  and  evaluation  of  the  field  records  to  detect  problems  affecting  the 
representativeness  of  environmental  samples.  For  example,  field  records  can  indicate 
whether  a  well  is  properly  constructed  or  if  unanticipated  environmental  conditions 
were  encountered  during  construction.  The  lithologic  and  geophysical  logs  may  be 
consulted  to  determine  if  a  well  is  screened  only  in  the  water-bearing  zone  of  concern. 
Records  also  should  note  sample  properties  such  as  clarity,  color,  odor,  etc. 
Photographs  may  show  the  presence  or  absence  of  obvious  sources  of  potential 
contamination,  such  as  operating  combustion  engines  near  a  well  during  sampling. 
Judgments  of  sample  validity  will  be  documented  in  the  technical  report,  and 
environmental  data  associated  with  poor  or  incorrect  field  work  will  be  identified. 

Correlation  of  data.  The  results  of  field  tests  obtained  from  similar  areas  will  be 
correlated.  For  example,  soil  gas  TVH  readings  and  VOC  analysis  results  may  be 
correlated.  The  findings  of  these  correlations  will  be  documented,  and  the  significance 
of  anomalous  data  will  be  discussed  in  the  technical  report. 

Identification  of  anomalous  field  test  data.  Anomalous  field  data  will  be  identified 
and  explained  to  the  extent  possible.  For  example,  a  water  temperature  for  one  well 
that  is  significantly  higher  than  any  other  well  temperature  in  the  same  aquifer  will  be 
explained  in  the  technical  report. 

Accuracy  and  precision  of  field  data  and  measurements.  The  assessment  of  the 
quality  of  field  measurements  will  be  based  on  instrument  calibration  records  and  a 
review  of  any  field  corrective  actions.  The  accuracy  and  precision  of  field 
measurements  will  be  discussed. 

Field  record  review  is  an  ongoing  process.  Field  team  leaders  will  be  responsible 
for  ensuring  that  proper  documentation  is  recorded  during  each  site's  sampling 
activities. 

5.4  FIELD  DATA  VALIDATION  AND  REPORTING 

The  contractor  analyst  will  review  100  percent  of  all  screening  data  prior  to 
reporting.  Screening  data  will  constitute  all  analytical  method  results  from  analyses 
performed  in  the  field  laboratory  environment.  The  contractor  will  determine  if  their 
data  quality  objectives  (DQOs)  for  field  data  have  been  met,  and  also  will  calculate  the 
percent  complete  (PC)  for  field  data  results. 

At  a  minimum,  the  review  of  screening  data  will  focus  on  the  following  topics: 
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•  Holding  times; 

•  Method  blanks; 

•  Field  instrumentation  detection  limits; 

•  Analytical  batch  control  records  including  calibrations,  and  spike  recoveries; 

•  Completeness  of  data;  and 

•  Flag  all  results  with  an  “S”  to  denote  sample  results  from  field  screening  versus 
fixed  laboratory  results. 

Field  data  will  be  validated  using  four  different  procedures,  as  described  below: 

•  Routine  checks  (e.g.,  looking  for  errors  in  identification  codes)  will  be  made 
during  the  processing  of  data. 

•  Internal  consistency  of  a  data  set  will  be  evaluated.  This  step  will  involve 
plotting  the  data  and  testing  for  outliers. 

•  Checks  for  consistency  of  the  data  set  over  time  will  be  performed.  This  can  be 
accomplished  by  comparing  data  sets  against  gross  upper  limits  obtained  from 
historical  data  sets,  or  by  testing  for  historical  consistency.  Anomalous  data  will 
be  identified. 

•  Checks  may  be  made  for  consistency  with  parallel  data  sets.  An  example  of  such 
a  check  would  be  comparing  data  from  the  same  region  of  the  aquifer  or  volume 
of  soil. 
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SECTION  6 

FIXED-BASE  LABORATORY  ANALYTICAL  PROCEDURES 


Application  of  a  specific  analytical  method  depends  on  the  sample  matrix  and  the 
analytes  to  be  identified.  Methods  for  each  of  the  parameters  likely  to  be  included  in 
the  analytical  program,  as  well  as  detection  limits,  are  discussed  in  the  following 
subsections.  All  analytical  methods  are  USEPA  approved. 

6.1  ANALYTICAL  METHODS 

Analytical  procedures  will  follow  the  established  USEPA  and/or  American  Society 
for  Testing  and  Materials  (ASTM)  methods  as  recommended  by  AFCEE  wherever  such 
methods  exist  for  a  specified  analyte.  All  approved  methods  are  presented  in  Table  6.1. 
The  referenced  methods  are  defined  in  the  following  documents: 

•  USEPA  (1983)  Methods  for  Chemical  Analysis  of  Water  and  Wastes,  EPA  600/4- 
79-020. 

•  USEPA  (1995)  Test  Methods  for  Evaluating  Solid  Waste,  Physical  and  Chemical 
Methods,  SW846,  3rd  Edition  ,  Update  HB. 

•  American  Society  for  Testing  and  Materials  Methods  (ASTM,  1995). 

6.1.2  Detection  and  Quantitation  Limits 

This  section  describes  the  terms,  definitions,  and  formulas  that  will  be  used  for 
detection  and  quantitation  limits. 

6.1.3  Instrument  Detection  Limit 

The  instrument  detection  limit  (IDL)  reflects  the  instrument  operating  efficiency,  not 
sample  preparation  or  concentration/dilution  factors.  The  IDL  is  operationally  defined 
as  three  times  the  standard  deviation  of  seven  replicate  analyses  of  the  lowest 
concentration  that  is  statistically  different  from  a  blank.  This  represents  99-percent 
confidence  that  the  signal  identified  is  the  result  of  the  presence  of  the  analyte,  and  not 
random  noise. 

6.1.4  Method  Detection  Limit 

The  method  detection  limit  (MDL)  is  the  lowest  concentration  at  which  a  specific 
analyte  in  a  matrix  can  be  measured  and  reported  with  99-percent  confidence  that  the 
analyte  concentration  is  greater  than  zero.  MDLs  are  experimentally  determined  and 
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TABLE  6.1 

PRACTICAL  QUANTITATION  LIMITS 
RISK-BASED  APPROACH  TO  REMEDIATION 


Parameter/Method 

Analyte 

Water 

PQL* 

Unit 

Aromatic  Volatile 

Benzene 

M  g/L 

Organics  Compounds 

Chlorobenzene 

jtg/L 

SW5030A/SW5025/ 

Ethylbenzene 

0.50 

Hg/L 

SW8021B 

(W^,  Se/) 

Toluene 

0.10 

V  g/L 

Vinyl  Chloride 

0.40 

Mg/L 

Xylenes,  Total 

0.50 

Ji  g/L-. 

Volatile 

Benzene 

0.40 

/ig/L 

Organics  Compounds 

Chlorobenzene 

0.40 

/ig/L 

SW5030A/SW5025/ 

Ethylbenzene 

0.60 

Mg/L 

SW8260B 

(Wd7,  Se/) 

Toluene 

1.10 

/ig/L 

Vinyl  Chloride 

1.10 

/ig/L 

p/m  xylene 

1.30 

/ig/L 

o-xylene 

1.10 

Methane 

Methane 

2.0 

RSK-175 

Ethane 

4.0 

••  1 

(W) 

Ethene 

2.0 

Polynuclear  Aromatic 

Acenaphthene 

18.0 

/ig/L 

Hydrocarbons 

Acenaphthylene 

23.0 

/ig/L 

SW3510B/SW8310  (W) 

Anthracene 

6.6 

/ig/L 

SW3550A/SW8310  (S) 

Benz  (a)  Anthracene 

0.13 

/ig/L 

Benzo  (a)  Pyrene 

0.23 

/ig/L 

Benzo  (b)  Fluoranthene 

0.18 

/ig/L 

Benzo  (g,h,i)  Perylene 

0.76 

/ig/L 

Benzo  (k>  Fluoranthene 

0.17 

/tg/L 

Chrysene 

1.5 

Mg/L 

Dibenzo  (a,h)  Anthracene 

0.3 

/ig/L 

Fluoranthrene 

2.1 

/ig/L 

Fluorene 

2.1 

/ig/L 

Indeno  (l,2,3-c,d)  Pyrene 

0.43 

/ig/L 

Naphthalene 

18.0 

/tg/L 

Phenanthrene 

6.4 

/ig/L 

Pyrene 

2.7 

Mg/L 

Common  Anions 

Bromide 

mm 

SW9056 

Chloride 

Fluoride 

mSM 

Iffijpil 

Nitrate 

0.1 

mg/L 

Nitrite 

0.4 

mg/L 

Phosphate 

0.1 

mg/L 

Sulfate 

0.2 

mg/L 

Soil 


PQL  |  Unit 


0.01 

0.01 

0.01 


0.01 

0.01 

0.01 


0.0 
0.0 
0.003 

0.005 

0.009 

0.007 

0.005 


NAf/ 

NA 

NA 


1.2 

1.54 

0.44 

0.009 

0.015 

0.012 

0.05 

0.011 

0.1 

0.02 

0.14 

0.14 

0.03 

1.2 

0.42 

0.18 
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TABLE  6.1 

PRACTICAL  QUANTITATION  LIMITS 
RISK-BASED  APPROACH  TO  REMEDIATION 


Parameter/Method 

Analyte 

Water 

Soil  | 

PQLa/ 

Unit 

wmm 

Unit 

E160.1 

Total  Dissolved  Solids 

Mg/L 

NA 

NA 

E160.2 

Total  Suspended  Solids 

mg/L 

NA 

NA 

E310.1 

Alkalinity 

10.0 

mg/L 

NA 

NA 

E353.1 

Nitrogen,  Nitrate/Nitrite 

0.1 

mg/L 

NA 

NA 

SW9050 

Conductance 

NA 

NA 

NA 

NA 

SW9040 

pH 

NA 

NA 

NA 

NA 

SOURCE:  AFCEE  QAPP,  Version  1.1,  February  1996 

37  PQLs  =  practical  quantitation  limits.  PQLs  are  equal  to  the  project  reporting  limits. 


b/  lig/L  = 

micrograms  per  liter. 

c/  mg/kg  = 

milligrams  per  kilogram. 

*  W  = 

water. 

e/  S  = 

soil. 

f/  NA  = 

not  applicable. 

g/  mg/L  =  milligrams  per  liter. 
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verified  for  each  target  analyte  of  the  methods  in  the  sampling  program.  The  laboratory 
will  determine  MDLs  for  each  analyte  and  matrix  type  prior  to  analysis  of  project 
samples.  MDLs  are  based  on  the  results  of  seven  matrix  spikes  at  the  estimated  MDL, 
and  are  statistically  calculated  in  accordance  with  the  Title  40,  Code  of  Federal 
Regulations  Part  136  (40  CFR  136).  The  standard  deviation  of  the  seven  replicates  is 
determined  and  multiplied  by  3.14  (i.e.,  the  99-percent  confidence  interval  from  the  one¬ 
sided  Students  T-test).  MDLs  must  be  determined  annually  as  a  minimum.  The  MDLs 
to  be  used  are  intended  to  allow  that  both  nondetects  and  detects  will  be  usable  to  the 
fullest  extent  possible  for  the  project. 

6.1.5  Project  Reporting  Limit 

To  define  analytical  data  reporting  limits  that  meet  project  DQOs,  potential  risk- 
based  screening  criteria  were  identified.  State-specified  “clean  closure”  concentrations, 
risk-based  preliminary  remediation  goals  (PRGs),  regulatory  concentrations,  or  other 
relevant  soil,  groundwater,  and  surface  water  action  levels  will  be  reviewed  to  identify 
the  most  stringent  comparison  criteria  for  each  matrix  likely  to  be  applicable.  The 
project  reporting  limits  (PRLs),  listed  as  the  practical  quantitation  limits  (PQL)  in  Table 
6.1,  will  be  reviewed  in  comparison  to  the  risk-based  screening  criteria.  Project 
reporting  limits  are  those  published  in  the  current  AFCEE  QAPP  Version  2.0  (1997) 
and  by  the  FDEP  (for  Florida  TRPH  method  FL-PRO),  or  as  established  historically  by 
the  laboratory  when  not  available  in  the  AFCEE  QAPP.  If  state  regulatory  guidance 
standards  for  analytical  method  reporting  limits  are  lower  than  the  PQLs  listed  in  Table 
6.1,  then  the  state-required  limits  will  supersede  the  PQLs  in  Table  6.1. 

The  PRL  is  equivalent  to  the  current  PQL  guidance  listed  in  the  AFCEE  (1996) 
QAPP.  Because  the  project  remediation  goals  are  developed  for  risk-based  site  closure, 
all  sample  results  will  be  the  reported  at  or  above  the  MDL  for  each  analyte.  All 
results  above  the  MDL  but  below  the  PQL  will  be  qualified  in  the  data  deliverable  from 
the  laboratory  with  a  “FJ”  flag.  The  “FJ”  flag  will  denote  the  sample  result  as  below 
the  PQL  (see  Section  6.6.2).  Where  practical,  MDLs  must  be  lower  than  the  risk- 
based  criterion  determined  for  the  project.  Laboratories  must  verify  the  PRLs  by 
analyzing  a  standard  at  or  below  the  PRL  within  the  calibration  curve. 

All  analytical  results  for  soils  (both  nondetected  and  detected)  will  be  reported  on  a 
dry-weight  basis  (i.e.,  corrected  for  moisture  content).  The  moisture  content  for  each 
soil  sample  will  be  reported.  The  equation  for  moisture  content  given  for  the  SW-846 
Method  SW3550  is  as  follows: 

Initial  Weight  -  Dried  Weight  x  100  =  %  moisture 
Initial  Weight 

The  result  of  the  sample  on  a  dry- weight  basis  is  as  follows: 

Result  of  analysis  on  wet  weight  basis  =  Result  of  analysis  on  a  dry-weight  basis 
100  -  %  Moisture 
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6.1.6  Sample  Quantitation  Limit 

Sample  quantitation  limits  (SQLs)  are  defined  as  the  MDL  multiplied  by  the  dilution 
factor  (DF)  required  to  analyze  the  sample,  and  corrected  for  moisture  or  sample  size. 
These  adjustments  may  be  due  to  matrix  effects  or  to  the  high  concentrations  of  some 
analytes.  For  example,  if  an  analyte  is  present  at  a  concentration  that  is  greater  than  the 
linear  range  of  the  analytical  method,  the  sample  must  be  diluted  for  accurate 
quantitation.  The  DF  raises  the  reporting  limit,  which  then  becomes  the  SQL.  Because 
the  reported  SQLs  take  into  account  sample  characteristics  and  analytical  adjustments, 
they  are  the  most  relevant  quantitation  limits  for  evaluating  nondetected  chemicals. 

6.1.7  Reporting  Units 

The  following  are  the  prescribed  reporting  units  for  all  analytical  methods: 

Soil  samples  -  organics:  micrograms  per  kilogram  (/ig/kg),  dry-weight  basis; 

Soil  samples  -  inorganics/metals:  milligrams  per  kilogram  (mg/kg),  dry-weight 
basis; 

Water  samples  -  inorganics/metals:  milligrams  per  liter  (mg/L);  and 
Water  samples  -  organics:  micrograms  per  liter  0*g/L). 

6.2  LABORATORY  QUALITY  CONTROL  DATA 

Laboratory  QC  data  are  necessary  to  determine  the  precision  and  accuracy  of  the 
analyses,  confirm  matrix  interferences,  and  demonstrate  target  compound  contamination 
of  sample  results.  QC  samples  will  be  analyzed  routinely  by  the  analytical  laboratory 
as  part  of  the  laboratory  QC  procedures.  Contract  laboratories  performing  definitive 
data  quality  analyses  require  a  more  stringent  QC  program  than  those  performing 
screening-level  data  quality  analyses.  Definitions  for  QC  samples  are  presented  below. 
Frequency  and  acceptance  requirements  are  defined  in  Table  6.2.  All  precision  and 
accuracy  control  limit  criteria  are  defined  in  Table  1.1. 

6.2.1  Holding  Time 

Holding  times  for  sample  extraction  and/or  analysis  as  required  by  the  methods  will 
be  met  for  all  samples.  The  holding  time  is  calculated  from  the  date  and  time  of  sample 
collection  to  the  time  of  sample  preparation  and/or  analysis.  All  sample  analyses  to 
include  dilutions  and  second-column  confirmation  will  meet  the  required  holding  times. 
Results  for  samples  exceeding  holding  time  will  be  qualified  as  unusable  (flagged  “R”). 
Table  6.3  defines  applicable  method-specific  analytical  holding  times. 

6.2.2  Method  Blanks 

Method  blanks  are  designed  to  detect  contamination  of  the  field  samples  in  the 
laboratory  environment.  Method  blanks  verify  that  interferences  caused  by 
contaminants  in  solvents,  reagents,  glassware,  or  in  other  sample  processing  hardware 
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SUMMARY  OF  CALIBRATION  AND  QC*7  PROCEDURES 
Risk-Based  Approach  to  Remediation 
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TABLE  6.2  (Continued) 

SUMMARY  OF  CALIBRATION  AND  QC*7  PROCEDURES 
Risk-Based  Approach  to  Remediation 
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SUMMARY  OF  CALIBRATION  AND  QC»/  PROCEDURES 
Risk-Based  Approach  to  Remediation 
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are  known  and  minimized.  The  method  blank  will  be  ASTM  Type  II  water  (or 
equivalent)  for  water  samples,  and  a  purified  solid  matrix  (Ottawa  sand  or  equivalent) 
for  soil  samples.  The  concentration  of  target  compounds  in  the  blanks  must  be  less  than 
or  equal  to  the  PRL  (Table  6.1).  Exceptions  are  not  made  for  common  laboratory 
contaminants.  If  the  blank  contaminant  concentration  is  not  less  than  the  specified  limit, 
then  the  source  of  contamination  will  be  identified,  and  corrective  action  will  be  taken. 
SQLs  and  detection  limits  will  not  be  raised  because  of  blank  contamination.  Analytical 
data  will  not  be  corrected  for  presence  of  analytes  in  blanks. 

6.2.3  Laboratory  Control  Samples 

Laboratory  control  samples  (LCSs)  are  blank  spikes  made  from  clean  laboratory- 
simulated  matrices  (reference  method  blank  matrices)  spiked  with  known  concentrations 
of  all  target  analytes  of  interest  at  levels  approximately  10  times  the  MDLs.  The  LCS 
is  carried  through  the  complete  sample  preparation  and  analysis  procedures.  LCSs  are 
designed  to  check  the  instrument  and  method  accuracy.  An  LCS  will  be  analyzed  with 
every  analytical  batch.  Failure  of  the  LCS  to  meet  %R  criteria  listed  in  Table  1.1 
requires  corrective  action  before  any  further  analyses  can  continue.  All  sample  results 
associated  with  the  out-of-control  LCS  must  be  reanalyzed  after  control  has  been 
reestablished. 

6.2.4  Surrogate  Spike  Analyses 

Surrogate  spike  analyses  are  used  to  determine  the  efficiency  of  analyte  recovery  in 
sample  preparation  and  analysis  in  relation  to  sample  matrix.  Calculated  %R  of  the 
spike  is  used  to  measure  the  accuracy  of  the  analytical  method  for  an  individual  sample. 
A  surrogate  spike  is  prepared  by  adding  to  an  environmental  sample  (before  extraction) 
a  known  concentration  of  a  compound  similar  in  type  to  the  target  analytes  (i.e.,  a 
surrogate  compound)  to  be  analyzed  for  organic  target  compounds.  Surrogate 
compounds  as  specified  in  the  methods  will  be  added  to  all  samples  analyzed,  including 
method  blanks,  MS/MSDs,  LCSs,  field  samples,  and  duplicate  samples. 

6.2.5  Matrix  Spike/Matrix  Spike  Duplicate 

Matrix  spike  (MS)  samples  are  designed  to  check  the  accuracy  of  the  analytical 
procedures  for  the  sample  matrix  by  analyzing  a  field  sample  spiked  in  the  laboratory 
with  a  known  standard  solution  containing  all  the  target  analytes.  A  matrix  spike 
duplicate  (MSD)  is  the  second  of  a  pair  of  laboratory  MS  samples.  The  MSDs  are 
designed  to  check  the  precision  and  accuracy  of  analytical  procedures  by  sample 
matrix. 

One  MS/MSD  pair  will  be  collected  for  every  group  of  20  project  samples  of  similar 
matrix.  Field  blanks  or  duplicates  are  not  to  be  used  as  MS/MSDs.  If  surrogate  and 
target  analyte  compounds  concentrations  are  out  of  control  in  the  MS/MSD,  but  the 
associated  accuracy  and  precision  are  in  control  in  the  LCS,  then  the  out-of-control 
situation  will  be  attributed  to  a  matrix  interference.  If  the  laboratory  system  is  shown 
to  be  out-of-control  (i.e.,  if  the  LCS  is  out-of-control),  then  re-extraction  and  reanalysis 
will  be  required.  The  laboratory  will  report  the  data  from  any  reanalysis  that  is 
performed. 
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6.2.6  Analytical  Batches 

Analytical  batches  will  be  designated  in  the  laboratory  at  a  minimum  of  one  batch 
per  sample  delivery  group  (SDG).  Each  SDG  will  be  comprised  of  a  maximum  of  20 
project  samples  of  similar  matrix  collected  within  a  7-day  period.  Included  in  each 
SDG  of  20  (or  fewer)  samples  per  analytical  method  will  be  an  analytical  batch 
identification  number.  This  identification  number  will  clearly  allow  a  reviewer  to 
determine  the  association  between  field  samples  and  QC  samples.  Analytical  batches 
also  will  be  inclusive  of  preparation  lots  and  calibration  periods. 

6.2.7  Retention  Times 

Retention  time  (RT)  is  the  amount  of  time  required  for  a  target  compound  to  elute 
from  the  chromatographic  column,  and  the  instrument  detector  to  record  a  signal 
response.  The  RT  window  is  the  allowable  deviation  from  the  true  expected  RT  for 
any  one  compound.  A  peak  response  within  this  RT  window  will  constitute  a  positive 
detection  for  that  compound.  RT  windows  are  QC  criteria  for  all  gas  chromatograph 
(GC)  and  high-performance  liquid  chromatography  (HPLC)  methods.  RT  windows  are 
determined  through  replicate  analyses  of  a  standard  over  multiple  days.  The  calculation 
of  RT  windows  is  described  in  USEPA  (1995)  Method  SW8000A.  Corrective  action  is 
required  when  the  RT  windows  are  out  of  control. 

6.2.8  Internal  Standards 

Internal  standards  (ISs)  are  compounds  of  known  concentrations  used  to  quantitate 
the  concentrations  of  target  detections  in  field  and  QC  samples.  ISs  are  added  to  all 
samples  after  sample  extraction  or  preparation.  Because  of  this,  ISs  provide  for  the 
accurate  quantitation  of  target  detections  by  allowing  for  the  effects  of  sample  loss 
through  extraction,  purging,  and/or  matrix  effects.  ISs  are  used  for  any  method 
requiring  an  IS  calibration.  Corrective  action  is  required  when  ISs  are  out  of  control. 

6.2.9  Interference  Check  Standard 

The  interference  check  standard  (ICS)  is  used  to  verify  the  background  and 
interelement  correction  factors  for  metals  in  method  SW6010A.  The  ICS  is  analyzed  at 
the  beginning  and  end  of  each  analytical  sequence.  Method-specific  acceptance  limits 
listed  in  Table  1.1  will  apply. 

6.2.10  Second  Column  Confirmation 

Quantitative  confirmation  of  results  at  or  above  the  PQL  for  samples  analyzed  by 
GC  or  HPLC  will  be  required  and  will  be  completed  within  the  method-required 
holding  times.  For  GC  methods,  a  second  column  is  used  for  confirmation.  For  HPLC 
methods,  a  second  column  or  a  different  detector  is  used.  The  result  of  the  first 
column/detector  will  be  the  result  reported. 


6-31 


022/73 1298/ 16.  DOC 


6.2.11  Control  Limits 

The  control  limits  associated  with  all  method  QC  will  follow  guidance  established  in 
the  AFCEE  (1996)  QAPP.  For  methods  not  defined  in  the  AFCEE  (1996)  QAPP  (e.g., 
SW3810  modified  for  methane),  the  acceptance  criterion  in  Table  1.1  is  listed  as 
suggested  guidance. 

6.2.12  Calibration  Requirements 

Analytical  instruments  will  be  calibrated  in  accordance  with  the  analytical  methods. 
All  analytes  reported  will  be  present  in  the  initial  and  continuing  calibrations,  and  these 
calibrations  must  meet  the  acceptance  criteria  specified  in  Table  1.1.  Records  of 
standard  preparation  and  instrument  calibration  will  be  maintained  by  the  contract 
laboratory.  Records  will  unambiguously  trace  the  preparation  of  standards  and  their 
use  in  calibration  and  quantitation  of  sample  results.  Calibration  standards  will  be 
traceable  to  standard  materials. 

Analyte  concentrations  are  determined  with  either  calibration  curves  or  response 
factors  (RFs).  For  GC  and  GC/mass  spectroscopy  (MS)  methods,  when  using  RFs  to 
determine  analyte  concentrations,  the  average  RF  from  the  initial  five-point  calibration 
will  be  used.  The  continuing  calibration  will  not  be  used  to  update  the  RFs  from  the 
initial  five-point  calibration. 

6.2.13  Standard  Materials 

Standard  materials  used  in  calibration  and  to  prepare  samples  will  be  traceable  to 
National  Institute  of  Standards  and  Technology  (NIST),  USEPA,  American  Association 
of  Laboratory  Accreditation  (A2LA)  or  other  equivalent  approved  source,  if  available. 
The  standard  materials  will  be  current,  in  accordance  with  the  following  expiration 
policy:  The  expiration  dates  for  amputated  solutions  will  not  exceed  the  manufacturer’s 
expiration  date  or  one  year  from  the  date  of  receipt,  whichever  occurs  first.  Expiration 
dates  for  laboratory-prepared  stock  and  diluted  standards  will  be  no  later  than  the 
expiration  date  of  the  stock  solution  or  material,  or  the  date  calculated  from  the  holding 
time  allowed  by  the  applicable  analytical  method,  whichever  occurs  first.  The 
laboratory  will  label  standard  and  QC  materials  with  expiration  dates. 

6.3  SAMPLE  CUSTODY  REQUIREMENTS 

Sample  custody  begins  in  the  field  at  the  time  of  collection  and  continues  throughout 
the  laboratory  analytical  process.  COC  forms  will  be  prepared  at  the  time  sample 
collection  and  will  accompany  the  samples  through  the  laboratory  sample  processing. 
To  facilitate  the  documentation  of  sample  custody,  the  laboratory  will  track  the 
progress  of  sample  preparation,  analysis,  and  report  preparation.  Samples  received  by 
the  laboratory  will  be  checked  carefiilly  for  label  identification,  COC  forms,  and  any 
discrepancies.  The  laboratory  will  also  note  physical  damage,  incomplete  sample 
labels,  incomplete  paperwork,  discrepancies  between  sample  labels  and  paperwork, 
broken  or  leaking  containers,  and  inappropriate  caps  or  bottles.  On  the  day  of  receipt 
of  samples  from  the  contractor,  the  laboratory  will  send  signed  facsimile  copies  of  all 
COCs  and  sample  log-in  receipt  forms  to  the  contractor.  All  discrepancies  and/or 
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potential  problems  (e.g.,  lack  of  sample  volume)  will  be  discussed  immediately  with  the 
contractor’s  project  task  manager. 

The  laboratory  sample  custodian  will  be  required  to  provide  a  report  to  the 
contractor  of  any  problems  observed  with  any  of  the  samples  received.  This  report  will 
also  document  the  condition  of  samples,  sample  numbers  received,  corresponding 
laboratory  numbers,  and  the  estimated  date  for  completion  of  analysis.  The  laboratory 
must  receive  written  permission  from  the  contractor  before  sending  any  samples 
(originally  scheduled  to  be  analyzed  at  their  facility)  to  another  laboratory.  Analyses 
will  not  be  performed  on  samples  whose  integrity  has  been  compromised  or  is  suspect. 

6.4  SAMPLE  HANDLING 

Laboratory  sample  custody  will  be  maintained  by  the  following  procedures: 

1.  The  laboratory  will  designate  a  sample  custodian  responsible  for  maintaining 
custody  of  the  samples  and  all  associated  paperwork  documenting  that  custody. 

2.  Upon  receipt  of  the  samples,  the  sample  custodian  will  sign  the  original  COC  form 
and  compare  the  analyses  requested  thereon  with  the  label  on  each  sample 
container. 

3.  A  qualitative  assessment  of  each  sample  container  will  be  performed  to  note  any 
anomalies  such  as  broken  or  leaking  bottles  or  lack  of  preservation  (e.g.,  ice 
melted  enroute).  This  assessment  will  be  recorded  as  part  of  the  incoming  COC 
procedure. 

4.  If  the  COC  and  samples  correlate,  and  there  has  been  no  tampering  with  the 
custody  seals,  the  "received  by  laboratory"  box  on  the  COC  form  will  be  signed 
and  dated. 

5.  Care  will  be  exercised  to  document  any  labeling  or  descriptive  errors.  In  the  event 
of  discrepancies,  breakage,  or  conditions  that  could  compromise  the  validity  of 
analyses,  the  laboratory  project  coordinator  will  immediately  contact  the  task 
manager  as  part  of  the  corrective  action  process. 

6.  Samples  will  be  logged  into  the  laboratory  management  computer  system,  which 
includes  a  tracking  system  for  extraction  and  analysis  dates.  The  laboratory  will 
assign  a  laboratory  work  number  to  each  sample  for  identification  purposes.  The 
sample  custodian  will  log  the  laboratory  work  number  and  the  field  sample 
identification  into  a  laboratory  sample  custody  log.  The  laboratory  sample  custody 
log  may  either  be  hard  copy  or  computerized,  depending  on  the  laboratory's 
system. 

6.  The  samples  will  be  stored  in  a  secured  area  at  a  temperature  of  approximately 
4  +  2  degrees  Celsius  (°C)  or  cooler  (as  applicable)  until  analyses  commence.  The 
laboratory  log  should  also  contain  the  laboratory  storage  cooler  number  (if 
applicable)  that  the  sample  will  be  stored  in  while  on  the  laboratory's  premises. 
Samples  will  be  logged  when  they  are  removed  and  returned  from  storage  for 
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analysis.  Samples  must  be  stored  in  separate  coolers  from  those  used  to  store 
analytical  standards,  reagents,  and/or  QC  samples. 

8.  The  samples  will  be  distributed  to  the  appropriate  analysts,  with  names  of 
individuals  who  receive  samples  recorded  in  internal  laboratory  records. 

9.  The  original  COC  form  will  accompany  the  laboratory  report  submittal  and  will 
become  a  permanent  part  of  the  project  records. 

10.  Data  generated  from  the  analysis  of  samples  also  must  be  kept  under  proper 
custody  by  the  laboratory. 

Upon  analysis,  a  laboratory  lot  control  number  will  be  assigned  to  the  sample.  All 
samples  within  a  given  laboratory  analysis  group  (e.g.,  samples  sharing  the  same 
laboratory  QC  measurement  samples)  will  have  identical  laboratory  lot  control 
numbers. 

Disposal  of  sample  containers  and  remaining  sample  material  will  be  the 
responsibility  of  the  laboratory.  Samples  should  be  disposed  of  appropriately  when  all 
analyses  and  related  QA/QC  work  are  completed. 

6.5  SAMPLE  IDENTIFICATION  AND  SAMPLE  CUSTODY  RECORDS 

The  laboratory  conducting  the  analysis  of  the  samples  will  provide  the  data  user  with 
information  on  the  laboratory  sample  identification  system.  With  knowledge  of  this 
laboratory  sample  identification  system,  data  generated  at  the  laboratory  can  be  tracked 
by  both  the  laboratory  and  field  sample  identification  systems. 

Each  sample  will  be  logged  into  the  laboratory  system  by  assigning  it  a  unique 
sample  number.  This  laboratory  number  and  the  field  sample  identification  number 
will  be  recorded  on  the  laboratory  report. 

6.6  LABORATORY  DATA  REDUCTION,  VALIDATION,  AND  REPORTING 
6.6.1  Review  Procedures  for  Definitive  Data 

The  fixed-base  laboratory  will  review  100  percent  of  all  definitive  data  prior  to 
reporting.  The  establishment  of  detection  and  control  limits  will  be  verified.  Any 
control  limits  outside  of  the  acceptable  ranges  specified  in  the  analytical  methods  will 
be  identified.  Any  trends  or  problems  with  the  data  will  be  evaluated.  Any  laboratory- 
established  detection  limits  that  exceed  the  established  method-specified  limits  will  be 
identified.  The  absence  of  records  supporting  the  establishment  of  control  criteria  or 
detection  limits  will  be  noted.  Analytical  batch  QC,  calibration  check  samples,  method 
calibrations,  continuing  calibration  verifications,  corrective  action  reports,  the  results  of 
reanalysis,  sample  holding  times,  sample  preservations,  and  any  resampling  and 
analysis  all  will  be  evaluated. 

Samples  associated  with  out-of-control  QC  data  will  be  identified  in  the  data  package 
case  narrative,  and  an  assessment  of  the  utility  of  such  analytical  results  will  be  made. 
The  check  of  laboratory  data  completeness  will  ensure  that: 
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•  All  samples  and  analyses  specified  in  the  SAP  have  been  processed; 

•  Complete  records  exist  for  each  analysis  and  the  associated  QC  samples;  and 

•  Procedures  specified  in  this  SAP  have  been  implemented. 

The  results  of  the  completeness  check  will  be  documented. 

An  analyst  other  than  the  original  data  processor,  will  be  responsible  for  reviewing 
all  steps  of  the  data  processing.  All  input  parameters,  calibrations,  and  transcriptions 
will  be  checked.  All  manually  input,  computer-processed  data  will  be  checked.  Each 
page  of  checked  data  will  be  signed  and  dated  by  the  verifier. 

QC  sample  results  (LCSs,  MS/MSDs,  surrogates,  initial  calibration  standards,  and 
continuing  calibration  standards)  are  compared  against  stated  criteria  for  accuracy  and 
precision  (Table  6.2).  QC  data  must  meet  acceptance  levels  prior  to  processing  the 
analytical  data.  If  QC  standards  are  not  met,  the  cause  will  be  determined.  If  the  cause 
can  be  corrected  without  affecting  the  integrity  of  the  analytical  data,  processing  of  the 
data  will  proceed.  If  the  resolution  jeopardizes  the  integrity  of  the  data,  reanalysis  will 
occur.  Decisions  to  repeat  sample  collection  and  analyses  may  be  made  by  the 
contractor  project  manager  based  on  the  extent  of  the  deficiencies  and  their  importance 
in  the  overall  context  of  the  project. 

6.6.2  Laboratory  Data  Reporting  Flags 

The  following  qualifiers  must  be  used  by  the  laboratory  when  reporting  sample 
results. 

Qualifier  Description 

J  The  analyte  was  positively  identified,  the  quantitation  is  an  estimation. 

U  The  analyte  was  analyzed  for,  but  not  detected.  The  associated  numerical 

value  is  at  or  below  the  MDL. 

F  The  analyte  was  positively  identified  but  the  associated  numerical  value  is 
below  the  PQL. 

R  The  data  are  unusable  due  to  deficiencies  in  the  ability  to  analyze  the 
sample  and  meet  QC  criteria. 

B  The  analyte  was  found  in  an  associated  blank,  as  well  as  in  the  sample. 

M  A  matrix  effect  was  present. 

T  Tentatively  identified  compound  (using  GC/MS) 
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6.6.3  Contractor  Data  Reporting  Flags 

The  following  define  the  contractor  organic  and  inorganic  data  validation  qualifiers: 

U  -  The  material  was  analyzed  for,  but  was  not  detected  above  the  level  of 
the  associated  value.  The  associated  value  is  the  PRL  (e.g.,  the 
nondetect  level). 

J  -  The  associated  value  is  an  estimated  quantity. 

R  -  The  data  are  unusable  (Note:  analyte  may  or  may  not  be  present). 

UJ  -  The  material  was  analyzed  for  but  was  not  detected.  The  associated 

value  is  an  estimate  and  may  be  inaccurate  or  imprecise. 

6.6.4  Data  Validation  and  Assessment  of  Usability 

Data  from  QC  samples  will  be  assessed  by  the  contractor  using  the  procedures  and 
criteria  presented  earlier  in  this  section.  This  assessment  will  be  a  continuous  process 
in  which  QA  problems  are  identified  immediately,  and  the  appropriate  corrective  action 
is  implemented.  Additionally,  the  contractor  will  assess  the  usability  of  analytical  data. 
Any  limitations  on  data  use  will  be  expressed  quantitatively  to  the  extent  practicable 
and  will  be  documented  in  any  reporting  of  the  data. 

This  data  usability  review  will  include  a  review  of  the  analytical  methods, 
quantitation  limits,  and  other  factors  important  in  determining  the  precision,  accuracy, 
completeness,  and  representativeness  of  the  final  data  set.  The  outcome  of  this  data 
review  will  be  a  data  set  appropriate  to  support  quantitative  fate  and  transport  analyses 
and  risk  analysis.  The  data  evaluation  methods  defined  in  Risk  Assessment  Guidance 
for  Superfund  (RAGS),  Volume  1:  Human  Health  Evaluation  Manual  (USEPA,  1989) 
and  the  Guidance  for  Data  Usability  in  Risk  Assessment  (USEPA,  1992)  will  be  used  as 
appropriate. 

6.6.5  Hard-Copy  Data  Deliverables 

Data  deliverables  required  for  the  analytical  results  include  both  a  hard  copy  and  an 
electronic  copy.  Hard-copy  reporting  of  analytical  results  will  include  analytical  results 
summaries  for  all  field  samples,  and  their  associated  QA/QC  samples.  The  laboratory 
will  be  required  to  provide  two  copies  of  each  hard  copy  data  reporting  package.  Data 
reporting  requirements  for  hard-copy  analytical  reports  are  in  Table  6.4  as  those  items 
listed  with  an  asterisk. 

6.6.6  Electronic  Data  Deliverables 

To  facilitate  data  handling  and  management,  both  field  and  laboratory  data  will  be 
entered  into  a  computerized  format.  All  data  will  be  delivered  to  the  contractor  from 
the  laboratory  in  the  database  format  specified  in  the  Installation  Restoration  Program 
Information  Management  System  (IRPIMS)  Data  Loading  Handbook,  Version  2.2, 
AFCEE,  1991.  The  laboratory  will  be  responsible  for  running  QC  Tools  on  the 
analytical  data  files  prior  to  delivery  to  the  contractor. 
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TABLE  6.4 

REQUIRED  LABORATORY  DELIVERABLES 


Method  Requirements 

Laboratory  Deliverables 
(Definitive  Data) 

Requirements  for  all  methods: 

Case  narrative 

Project  identification 

Analytical  method  description  and 
reference  citation. 

Discussion  of  unusual  circumstances, 
problems,  and  nonconformances. 

Monthly  QA  report 

Any  format  to  discuss  issues  which  may 
affect  data  quality  * 

Chain  of  Custody  (COC) 

Signed  and  dated  when  samples  were* 
received  at  laboratory 

Dates  of  sample  preparation  and  analysis 

Specific  deliverable  depends  upon* 

(including  first  run  and  subsequent  runs). 

type  of  analysis 

Quantitation  limits  achieved. 

Specific  deliverable  depends  upon  type* 
of  analysis 

Dilution  or  concentration  factors. 

Specific  deliverable  depends  upon* 
type  of  analysis 

Summary  analytical  batch  report 

Any  format* 

including  analytical  batch  samples, 
method  of  analysis,  matrix  description, 
date  of  sample  collection  and  receipt, 
laboratory  identification  number  of  each 
environmental  sample  plus  identification 
number  of  each  batch  quality  control  (QC) 
sample  (including  Matrix  Spike/Matrix  Spike 

Duplicate  (MS/MSD),  calibration  check,  etc.). 

Method  reporting  limits. 

QC  summary  report* 

QC  limits. 

QC  summary  report* 

Practical  Quantitation  Limit  (PQL)  verification 

standard  (weekly). 

Any  format 

Corrective  action  reports. 

Any  format  * 

A  copy  of  all  raw  laboratory  analytical 

Any  format 

data. 

(chromatograms,  mass  spectra 
and  data  system  printouts) 

Example  sample  calculation 

Any  format 

A  copy  of  the  sample  preparation 

Any  format 

data  form  for  each  method  indicating 

(preparation,  extraction, 

sample  identification  number,  batch 

or  digestion  data) 

identification  number,  and  date  of  preparation. 

Percent  moisture  for  all  soil  samples 

Any  format  * 
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TABLE  6.4  (Continued) 

REQUIRED  LABORATORY  DELIVERABLES 


Method  Requirements 

Laboratory  Deliverables 
(Definitive  Data) 

Requirements  for  organic  analytical  methods: 

Sample  data  sheets. 

Summary  information  only  a/* 

- 

Surrogate  recoveries. 

Summary  information  only  * 

- 

MS/MSD. 

Summary  information  only  * 

- 

Method  blank  analysis. 

Summary  information  only  * 

- 

Laboratory  control  spike  (LCS) 

Summary  information  only* 

- 

Instrument  performance  check 

Summary  information  only 

. 

(Tuning). 

Degradation/breakdown  (SW8080). 

Summary  information  only 

- 

Initial  calibration  data 

Summary  information  only 

- 

Continuing  calibration  data. 

Summary  information  only 

- 

Calibration  blank  data 

Summary  information  only 

- 

Internal  standard  area  and  retention 

Summary  information  only 

time  summary  data. 

Retention  time  windows 

Summary  information  only* 

- 

Second-column  confirmation. 

Summary  information  only* 

- 

To  be  done  for  all  compounds 
that  are  detected  above  reporting  limit 

Analysis  run  log. 

No  format 

Requirements  for  inorganic  analytical  methods 
Metals: 

Sample  data  sheets. 

Summary  information  only  * 

- 

Initial  and  continuing  calibration. 

Summary  information  only 

- 

Method  blank,  taken  through  sample 

Summary  information  only  * 

preparation. 

Calibration  blank  data. 

Summary  information  only 

- 

Interference  check  sample. 

Summary  information  only 

- 

Laboratory  control  spike/laboratory 

Summary  information  only* 

control  spike  duplicate. 

Matrix  spike/matrix  spike  duplicate. 

Summary  information  only  * 

- 

Post-digestion  spike  sample  recovery 

Summary  information  only 

- 

Method  of  standard  additions 

Summary  information  only 

- 

Serial  dilutions 

Summary  information  only 

- 

Analysis  run  logs 

No  format 

*  Indicates  hard-copy  deliverables  required  for  QC  summary  package  of  Option  3  and  4. 

a\  Summarized  results  can  be  in  any  format  that  provides  the  necessary  data  to  completely  validate 

that  QC  parameter.  Example  formats  are  the  form  equivalents  to  those  defined  for  the  USEPA 
Contract  Laboratory  Program  (CLP)  or  SW-846  programs. 
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The  laboratory  reporting  system  will  be  implemented  and  tested  prior  to  beginning 
the  sampling.  Any  problems  detected  in  format  will  be  corrected  by  laboratory  prior  to 
providing  any  electronic  deliverables  to  the  contractor.  All  data  entered  into  the 
electronic  data  files  will  correspond  to  the  data  contained  in  the  original  laboratory 
reports  and  other  documents  associated  with  sampling  and  the  laboratory  hard  copy  data 
deliverable  packages. 

6.6.7  Quality  Assurance  Reports 

At  monthly  intervals  beginning  with  the  initiation  of  sampling  activities,  the 
laboratory  will  submit  to  the  contractor’s  project  task  manager  an  internal  QA  report 
that  documents  laboratory-related  QA/QC  issues.  These  reports  will  include 
discussions  of  any  conditions  adverse  or  potentially  adverse  to  quality,  such  as: 

•  Responses  to  the  findings  of  any  internal  or  external  systems  or  performance 
laboratory  audits; 

•  Any  laboratory  or  sample  conditions  which  necessitate  a  departure  from  the 
methods  or  procedures  specified  in  this  SAP; 

•  Any  missed  holding  times  or  problems  with  laboratory  QC  acceptance  criteria; 
and 

•  The  associated  corrective  actions  taken. 

Submittal  of  QA  reports  will  not  preclude  earlier  contractor  notification  of  such 
problems  when  timely  notice  can  reduce  the  loss  or  potential  loss  of  quality,  time, 
effort,  or  expense.  Appropriate  steps  will  be  taken  to  correct  any  QA/QC  concerns  as 
they  are  identified.  The  QA  reports  and  a  summary  of  the  laboratory  QA/QC  program 
and  results  will  be  included  in  the  final  project  report. 

6.7  CORRECTIVE  ACTION 

The  following  procedures  have  been  established  to  assure  that  conditions  adverse  to 
data  quality  are  promptly  investigated,  evaluated,  and  corrected.  Adverse  conditions 
may  include  malftinctions,  deficiencies,  deviations,  and  errors. 

When  a  significant  condition  adverse  to  data  quality  is  noted  at  the  laboratory,  the 
cause  of  the  condition  will  be  determined,  and  corrective  action  will  be  taken  to  prevent 
repetition.  Condition  identification,  cause,  reference  documents,  and  corrective  action 
planned  will  be  documented  and  reported  to  the  contractor  QA  officer  by  the  laboratory 
QC  coordinator.  Following  implementation  of  corrective  action,  the  laboratory  QC 
coordinator  will  report  the  actions  taken  and  their  results  to  the  contractor  project 
manager  and  QA  officer.  A  record  of  the  action  taken  and  results  will  be  attached  to 
the  data  report  package.  If  samples  are  reanalyzed,  the  assessment  procedures  will  be 
repeated,  and  the  control  limits  will  be  reevaluated  to  ascertain  if  corrective  actions 
have  been  successful. 
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Implementation  of  corrective  action  is  verified  by  documented  follow-up  action.  All 
project  personnel  have  the  responsibility,  as  part  of  the  normal  work  duties,  to  identify, 
report,  and  solicit  approval  of  corrective  actions  for  conditions  adverse  to  data  quality. 

Corrective  actions  will  be  initiated  in  the  following  instances: 

•  When  predetermined  acceptance  criteria  are  not  attained  (Tables  6.1,  6.2,  and 
6.3)  (objectives  for  precision,  accuracy,  and  completeness); 

•  When  the  prescribed  procedure  or  any  data  compiled  are  faulty; 

•  When  equipment  or  instrumentation  is  determined  to  be  faulty; 

•  When  the  traceability  of  samples,  standards,  or  analysis  results  is  questionable; 

•  When  QA  requirements  have  been  violated; 

•  When  designated  approvals  have  been  circumvented; 

•  As  a  result  of  systems  or  performance  audits; 

•  As  a  result  of  regular  management  assessments; 

•  As  a  result  of  intralaboratory  or  interlaboratory  comparison  studies;  and 

•  At  any  other  instance  of  conditions  significantly  adverse  to  quality. 

Laboratory  project  management  and  staff,  such  as  QA  auditors,  document  and 
sample  control  personnel,  and  laboratory  groups,  will  monitor  work  performance  in  the 
normal  course  of  daily  responsibilities. 

The  laboratory  QC  coordinator  or  designated  alternate  will  audit  work  at  the 
laboratory.  Items,  activities,  or  documents  ascertained  to  be  compliant  with  QA 
requirements  will  be  documented,  and  corrective  actions  will  be  mandated  in  the  audit 
report.  The  contractor  QA  officer  and  laboratory  QC  coordinator  will  log,  maintain, 
and  control  the  audit  findings. 

The  contractor  QA  officer  and  laboratory  QC  coordinators  are  responsible  for 
documenting  all  out-of-control  events  or  non-conformance  with  QA  protocols.  The  QC 
checks,  their  frequency,  acceptance  criteria,  and  corrective  actions  for  out-of-control 
data  are  summarized  in  Table  1.1  for  each  analytical  method.  A  nonconformance 
report  will  summarize  each  nonconformance  condition.  The  laboratory  will  notify  the 
contractor  project  manager  or  QA  officer  of  any  laboratory  QA/QC  nonconformances 
upon  their  discovery.  Copies  of  all  field  change  requests  and  corrective  action  forms 
will  be  maintained  in  the  project  files.  A  stop- work  order  may  be  initiated  by  the 
contractor  if  corrective  actions  are  insufficient. 
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6.7  AUDITS 


This  section  describes  participation  in  external  and  internal  systems  audits  for 
AFCEE  contractors  and  laboratories. 

6.7.1  System  Audits 

System  audits  review  laboratory  operations  and  the  resulting  documentation.  An 
onsite  audit  ensures  that  the  laboratory  has  all  the  personnel,  equipment,  and  internal 
standard  operating  procedures  (SOPs)  needed  for  performance  of  contract  requirements 
in  place  and  operating.  The  system  audits  ensure  that  proper  analysis  documentation 
procedures  are  followed,  that  routine  laboratory  QC  samples  are  analyzed,  and  that  any 
nonconformances  are  identified  and  resolved. 

6.7.2  Internal  Audits 

The  laboratory  must  conduct  internal  system  audits  on  a  periodic  basis.  The  results 
of  these  audits  will  be  documented  by  the  laboratory  QC  coordinator,  and  the 
laboratory  will  provide  the  contractor  with  the  results  of  these  internal  audits. 

6.7.3  External  Audits 

The  contractor  project  QA  officer  or  designee  may  conduct  an  external  system  audit 
of  the  laboratory  during  the  performance  project  samples.  This  audit  would  evaluate 
the  capabilities  and  performance  of  laboratory  personnel,  items,  and  activities.  It  also 
documents  the  measurement  systems  and  identifies  and  corrects  any  deficiencies.  The 
contractor  QA  manager  acts  on  audit  results  by  documenting  deficiencies  and  informing 
the  contractor  project  manager  of  the  need  for  corrective  action.  The  contractor  project 
manager  may  suspend  operations  until  problems  are  resolved.  If  conditions  adverse  to 
quality  are  detected,  or  if  the  contractor  project  manager  requests  additional  audits, 
additional  unscheduled  audits  may  be  performed. 

In  addition  to  the  contractor  audit  of  the  laboratory,  various  state  and/or  federal 
agencies  may  conduct  an  audit  prior  to  the  commencement  of  the  project,  and  may 
conduct  additional  audits  as  deemed  necessary.  The  frequency  and  schedule  of  any 
such  audits  will  be  established  by  the  auditing  agency  and  coordinated  directly  with  the 
laboratory. 

6.7.4  Performance  Audits 

Laboratory  performance  audits  may  be  conducted  to  determine  the  accuracy  and 
implementation  of  the  SAP  by  the  contractor  QA  manager  or  designee  prior  to  initiation 
of  field  sampling.  Unplanned  audits  may  be  implemented  if  requested  by  the  contractor 
project  manager.  In  addition  to  in-house  performance  audits,  the  laboratory  may  also 
participate  in  interlaboratory  performance  evaluation  studies  for  different  state  or 
federal  agencies.  The  contractor  project  QA  manager  will  act  to  correct  any  laboratory 
performance  problems. 
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6.8  PREVENTIVE  MAINTENANCE 


6.8.1  Procedures 

Equipment,  instruments,  tools,  gauges,  and  other  items  requiring  preventive 
maintenance  will  be  serviced  in  accordance  with  the  manufacturers'  specified 
recommendations  or  written  procedures  developed  by  the  operators. 

6.8.2  Schedules 

Manufacturers'  procedures  identify  the  schedule  for  servicing  critical  items  in  order 
to  minimize  the  downtime  of  the  measurement  system.  It  will  be  the  responsibility  of 
the  individual  operator  assigned  to  a  specific  instrument  to  adhere  to  the  instrument 
maintenance  schedule  and  to  promptly  arrange  any  necessary  service.  Servicing  of  the 
equipment,  instruments,  tools,  gauges,  and  other  items  will  be  performed  by  qualified 
personnel. 

The  laboratory  will  establish  logs  to  record  maintenance  and  service  procedures  and 
schedules.  All  maintenance  records  will  be  documented  and  will  be  traceable  to  the 
specific  equipment,  instruments,  tools,  and  gauges.  Records  produced  for  laboratory 
instruments  will  be  reviewed,  maintained,  and  filed  by  the  operators  at  the  laboratories. 

6.8.3  Spare  Parts 

A  list  of  critical  spare  parts  will  be  requested  from  manufacturers  and  identified  by 
the  operator.  These  spare  parts  will  be  stored  for  availability  and  use  in  order  to  reduce 
downtime  due  to  equipment  failure  and  repair. 

6.9  SUBCONTRACT  LABORATORY  SERVICES 

The  laboratory  will  assume  responsibility  for  providing  all  analytical  services 
specified  in  the  laboratory  agreement.  Should  it  be  agreed  in  writing  that  the  laboratory 
may  use  an  additional  subcontract  laboratory  facility,  the  primary  laboratory  will 
supply  to  the  contractor  the  SOPs,  MDL  studies,  and  QA  plans  for  the  other 
laboratories  that  are  used.  The  laboratory  will  be  responsible  for  communicating  all 
analytical  guidelines  and  QC  requirements  of  the  project  to  these  laboratories.  The  QA 
officers  from  both  the  primary  laboratory  and  the  contractor  will  monitor  the  data  from 
subcontract  laboratories  and  correct  any  QC  nonconformances. 
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